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MATEMATHKA 
10. M. BEPESAHCKHA Be a) ee 


SHEPFETHYECKHE HEPABEHCTBA J\JIA HEKOTCPbIX KJIACCOB 
YPABHEHWHM CMEWAHHOFO THA 


(ITpedcmaszeno axademukom C. J], Cohoneeim 29 XII 1959) 


B cratbe (*) Opiia awa M€TOMMKa JOKAa3aTebCTBa 9HEPFeTHYeCKHX Hepa- 
CHCTB JIA YpaBHeHHH B YaCTHbIX NPOHSBOHbIX, IPHMeCHHMad B pase csryyaes; 
aM4He SHEPreTHYeECKHX HePaBeHCTB OOEeCICYHBAIO Pa3PelIMMOCTb B CIaOOM 
MbICJI€ COOTBETCTBYIOWWMX KpaeBbIX 3afay. B yactuoctu, B (1) Obl paccmoTpen 
JMH KJlacC ypaBHeHHH CMeliaHHOrO THMa. Celiuac MbI MepeHecem 3TH UCCIeL0- 
aHHA Ha Oovlee OOIHe ypaBHeHHA CMelWaHHOrO TuMa u Ooee OOmHe OOAaCTH. 
{uke MbI NOJIb8yemMca TepMHHOMOrHeH, BBeEeHHOH B (1). OTmeTuM, 4TO TIpuMe- 
CHHYIO HH2%K€ MeTOAHKY MOXKHO PaCCMaTPHBaTb KaK pa3sBuTHe abc-meToya 
OKa3aTeJIbCTB TeOPeM €HHCTBEHHOCTH AVIA ypaBHeHua Uanvwpiruna. 

1°. Ilyers G—koneuHad oOOaCTb B MJIOCKOCTH (x1, X2), 3aKJIOUeHHAaA 

momoce —h<x,< H wu orpannyenHad kycouHo-riaqkoH KpuBow T;. 
> qjlepecekaeT ocb Ox,. Mb! Oyzem Ly 
CCJI€OBaTb B G ypaBHeHHe CMellaH- 
oro TuHMa, oOo6ulaollee ypaBHeHHe 
JanbirdHa. VMMenno, paccMoTpHM 
udbbepeHUMaNbHOe BbIPAKeHHe C Be- 
[ECTBCHHbIMH HelpepbiBHbIMH BG UT 
osppuuveHTaMUu 


3 
Lluj= >) Dj (aie (*) Dat) + 
j, k=1 


+) aj(x)Dju+a(x)u (1) 


J=1 


ee 12), 


Pue. 1 


IIpeynonoxum, uTo & B OONacTH G, = G [) {x.>0} 2annunTHUHO B TOM 
Ee 4TO TIpH HeKOTOpoM s > 0 Daye (x) §;&_ >> e|& |; Kpome Toro, NyCTb 
— »)Dja;(x) <0 (x€G,); Kostdunnentet ajp(x) u aj; (x) HeMpeppIBHO 
ee cn B GUT. Ilyctb npn nepexone x B runepOojmnyecky10 
Jlacth Gp = G 1 {x, < 0} xoappuuuente: L HenpepbiBuo NepexosaT B Koap- 
IMeHTbI runepOomMyeckoro BbIpaxkenusn k (x2) Dj -+ Dz. S3yecb k (x2) Hempe- 
iBHa B [—A, 0] uM HempeppiBHO ee nore one B [—A, (©), tpuuem 
(5) <0, R(x.) > 0 B [—h, 0),1 a (R(X) /R’ (X%2)) =O u (R/R’)’ cymon- 


eMa B me h, OJ. as ye qTO PaGaecen G uMeeT Ooviee CnelHaJIbHbI BUI, 
a3aHHbl Ha pHc. Snecb [; — MpousBoJIbHad KYyCOUHO-rulalKad KpMBag; 
Bee iy es Sty nd tT, n— YPM xapakTepuctTuk (Ha pucynKe N = 3); Yu uM 
— [Be LPH, HMEIOMIMe COOTBETCTBEHHO YpaBHeHUA X2 = Oa (ily Ke) 
e Ob 1 Sp Wee (— ues Ob <0, lon) <(— mee. Hexotoppie u3 Ayr Il, 7 
ryT OTCYTCTBOBATb. 

Teopema 1. Paccmompum epanuunole ycaoeus (rp), 


HPs UtaU YUP, aU UEy, 2 = 9 Hite nU--UlN in CHAMO 


+ 
u CONpsAKeHHole epanuurnole yCAosusA (TP) 
U Irs UYaU Yn UT, n Us Ulnvn 0, v Iry, aU:UlPn,a CHAMO. 
Beedem O6e nonoocumedbHole HOPMEL: 


2 —_—_—- 
a = (le Pde + | > jn (x) DyuDju dx +\|V —R Dit — Dae da 


G G, eno Gy 


2 
u |lv|?,,, Komopasa onpedeanemca mak oe, KaK ||U||,, MoAbKO 6 uNMeepane 
no Gy, nocaeOHUli 3HAK MUHYC 3AMeHeH HA N.210C. 
To2da cnpasedauéol anepeemuueckue Hepaeencmea 


| LtuI lo clleles | Lledo Selo... (@E Walrp), o€ Wa(rp)*, ¢> 0); (2) 


Il F llo — Hopma @ L, (G); W3 (rp), W3 (rp)* — coeoxynnocmu dynkyuk us W3(G), 
YOORNEMBOPAIOLYLLX COOMBEMCMECHHO epaHUuHolM ycrogusm (rp) u (rp)*. 

II1pu amom npednoaaeaemca, «mo Koadpuyuenm k(X2) Oonoanumesono 
yOoeremeopsem odHomy us caedyroumux ycaoeuil: 1) 2(k/k’)’)+1>8>0 
(x.@[—h, 0]); 2) Kos@puyuenm k (x2) mpuscdet nenpepoieHo Oudepenyu- 
pyem wa [—h, 0), k" (x2) oepanuyena eOausu 0 u MHOIHKeCMBO MeX Xo, 20e 
2(k/k’)’ +1<0, cocmoum us Konernozo 4ucaa ompeskoe na [—hA, 0), 
npuuem Ha Kax0om makom ompeske k” <0 (uau, Ooree o6tyo, 15k’? — 
+-18 kR’R" + 4k?2k" <0); 3) Koabduyuenmk (x2) Oeaxcdol nenpepoieno Ouddqe- 
penyupyem 6 [—h,0) u k" (x2) oepanuvena ebausu 0; moeda ob23ame/bHO 
e6au3zu nHyan 2(k/k')! +150, nycmo [—d, 0) — makcumaronol unmepeaa, 
20e 3MO HepaeeHCméeo éBoiInoOANAeMCA. 

Ymsepocdenue meopemot cnpaeedaueo, ecau h>d, no h—d Oocmamouno 
mano (manocmo h—d saeucum om k,e u H; h—d mooeno oyenume). 

HanomuuM (cm. (*)), uTo emopoe us Nnepasencme (2) obecnewueaem cyte- 
cméoeaHue CAabo20 peweHuA Kpaeeoli 3ada4U 


Ll =F, upyUra Ur Uli UPw, o = 99 4 NPY nU-UP Ny, 1 CHRO, (3) 


T. €, CyllecTBOBaHHe TakoH dyHKuHH uELs, AA KOTOpOH MpH 000M 
v€W5(rp)* Bpinomusetes papencTBo (wu, £[v])o=(f, V)o. UMpapaa actb f 
ABJIACTCA HEKOTOPOH OOoOOMleHHOH (PyHKI\HeH, MMeHHO 93/IeMeHTOM 43 Mpo- 
CTpaHCTBa C OTPHLaTeJbHOH HOPMOH, MOCTpOeHHOH MO NONOKNTeNbHOH HOpMe 
I| v|l,,.3 BO BCAKOM cyJlyuae, B KayecTBe f MOxeT ObITb B3ATa m00ad PyHKUHA 
u3 Ly. Ilepece us Hepagencme (2) obecneuueaem eOuncrneennocmb 2nadKozo 
pewenusn sadauu (3). 

Kpaepan 3aqaua Jia ypaBHenua Uanmpiruna k(x.) Diu+ Dju =f uccae- 
KOBalaCb (B OCHOBHOM KJlaCCHYeCKHMM MeTOfaMH) B padotax (75), a Takxe 
ApyruMu aBTopami (cM. 0030p (°)). Bun3kne kK HalIMM pacCMOTpeHusA HMeIOTCA 
B (%, *),OMHako axe fia ypaBHexua Uannpiruna xapaktep orpaHMueHuit 
H OUeHOK (2) y Hac OTMUeH. OrMeTuM, ¥TO ycnoBual)u 2) sBasioTCA ycvIO- 
BUSMA CooTBeTCTBeHHO ®. M. Ppankus (?) u IIporrepa (°), pH KOTOpbIxX MMH 
MOKa3aHa TeopeMa e€(MHCTBEHHOCTH JIA ypaBHenua Uanwpiruna. 

2°. HameruM Bkpatile NoKasaTesbcTBO epBoro u3 HepaBencts (2), BTOpoe 
OKa3bIBAeTCA aHaOrHYHO. OOo3HayHM Gy,» OOMaCTb B MOMYMOCKOCTH xX. < 


orpaHuuenHyio pyramu AC), Yo, Vin u Ty, 5. La npon3sonpxoh rnanKon 
cbyHKuMH u(x) (x€G,,r) copaBeyuBO paBeHcTBo * 


Io, , = 2Re \ £ (wl (qr V—k Du — Dau) + yu} dx = 
Gp ie 
= \ (n'—21) | V=RDw — Dyu\?de + \ [up ytde + Try 
Gr 


Gr 


* Huterpan, noxo6upii nuterpary Ig,, r, PaccMatpuBasica u TIpotrepom (5), 
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Tp, 7= 2Re \ Dubs kV ahve kv) qy dx + 


Yr), 1 


+) (— kD? + | Dye |) (—V=E n —w) ay de + 


Yr 


4-2Re \ (kDyu +; + Dott + vo) uy dx — \ | w|24'vodx, (4) 


Mr lyr 


Ty, ,—Trpanuua G,,r; v(x)—opT BuHeltHeli HopMamn gq = —4k/Rk’; 
[aces BeleCTBeHHadA Tulaikad dynkuua B [—A, 0]. ro 
CHCTBO JIOKA3bIBaeTCA CHleLYIOUMM OOpa30M: paccMaTpHBaeM, HallpHMep, 


erpan- Fis \ £lulqgy V—k Du dx u nepeOpacpisaem unterpupoBannem 
a 
uactam £ na u wu D, wa u, NpuyemM pH nepeOpocke usOeraem NOsBse- 


TpeTbHX NpOH3BOAHbIX. CnpaBa Nosyuntca caraemoe — F, OTKyja Haxo- 
42ReF. Auanor“yHo noctynaeM c JBYMaA ApyrHMu AHTerpasamu. 
Tlpeqnonoxam, uro dyHkuua 7 B [—A, 0] yaoBneTBopseT TpeOoBaHHaM 


/ 2 w" , tf 
y<0, ¥(<F(—1(0), 0, ar’ —1>0, (a1) — 27 >8 > 0, 
(5) 


(x) — KpaeBbimM ycuoBuam (rp). Vccnenya Bs (4) 3HakH MuTerpaloB 4 
M OTOpacbIBah HEOTPHMaTeJIbHbIe UIeHbI, Hali eM 


r= \ (VY —k Du — Dau \? dx + 27 (0) Re \ Dou - udx —y¥’ (0) \ \ul@dx. 
Gir AC, AC, 

(6) 
BpejemM aHaJOruuHble MHTerpaJbl Loses re vt Gy § WM BbIMHIWeM JIA HUX 


HKU Bua (6). CkjlabiBad 93TH HepaBeHcTBa, HaligqeM OleHKy Tula (6), 
oTopol G,,, 3ameHeHo Ha G,, a AC,;—Hna AB. 

PaccmorpuM duimunTnyeckyto nofo6acTb G,. Vuterpupya mo yacTsaM c yue- 
uly = 0, a 3aTeM OleHHBac, HalieM 


0) Re \ L{ulu dx>—2(0) 3} \ AjpDpuD;u dx — 2y (0) Re \ D.u-udx. (7) 

/ Cy G, AB 

Kjagpipaa (6) (qaa Ic.) u (7), Monyyum (x, (x) — xapakTepucTuyeckan 

Kkuua £) 

2Re\ £iul (xo, (ar V— AD — Dit) + 4} +1 (0) xo,u) de> (8) 
G 

27 (0) 5 \ aieDauD iu dex eg |\V —kD,u — Dou |2 dx — x’ (0) \ |u|? dx. 


AB 


8 be 


YHTbIBAA, YTO MHTerpadl OT KBapaTa MOYJIA NpOMSBOAHOM OMeHMBAeTCA 
y “MHTerpasiOM OT KBaypaTa MOJyJIA (pyHKUMM Mvsloc KBaypaT MOyJA 
KIM B OJHOM H3 KOHILOB YPM MHTeErpHpOBaHHA, MOXKHO NpaBylo yacTb (8) 
MTb CHH3Y BbIpaxeHnem |ju|i. Tak Kak JIeBad YaCTb, OYeBHHO, OLeHH- 
ca cBepxy BbipaxeHuem C]¥[u]|,|ul,, TO B pesybTaTe MosyuMM 
[wu] oul, nile, orkyna nocne coxpamenua Ha |u|, npuxotum K nep- 
HW3 HepaBeHCTB 

Tak, JA 3aBePIUeCHHA MOKasaTeJbCTBA HaM HyXHO CyMeTb NosoOpaTb 
pa3 HerlpeppisHo Audpdpepenuupyemyio (byHKunto ¥(X2) (%2€[—A, 0]), 
OULYIO KYCOUHO-HeNpepbIBHYIO BTOpyO MpousBoAHylo (Takad TlaKOcTb 
11 


loctaTouHa jis MpefbIyuIHxX BbIKaoK) HM YOBMeTBOPAIOULy!O HepaBe 
crBam (5). MoxHO MOKasaTb, YTO 9TO BO BCEX TPeX CJyNaAX, (burypupylomu 
B (pOpMyJIMPOBKe TeOPeMbI, BO3MO2%XKHO Cie/laTb(B NepBOM CJlydae MOCTAaTOUR( 
MONOKUTH ¥(X.)=— 1). Drum 3akaHyMBaeTCH MOKAa3ZaTEJIbCTBO. | 
39. TasomvHamMuyeckad 3aaua UCTeYeCHHA CBEPX3BYKOBOH CTpyH U3 Heorpa 
HMYeHHOrTO CcOCcya MpvBOANT B MOCKOM CJlyyae K pacCMOTPeHHIO KpaeBO 
gajlauu jin ypapnenua Uanspruna B OOsacTH G, 9MNTHYeCKasA yacTl 
KoTOpoli HeorpaHuyena. IIpu nepeneceHuH OKa3aTeIbCTB NYHKTAa 2° Ha 9TO 
clyuali BOSHHKaIOT, KaK 9TO BUAHO U3 (8), TPyYAHOCTH, CBASAHHBIe C HeOOXO 


JMMOCTHIO OUeCHKH MHTerpaJia \ (| Daw [? + | Dau |?) dx cuusy uepes ule, aT 
& 
HeBO3MOXKHO, Tak Kak & HeoOpaTHM B HeorpaHuyeHHOH oOvlacTH Gz. OjHak 
& MoxKHO OOpaulaTb BG, ecm B KayecTBe HOpMbI |u|) OpaTb He HOpM} 
L,(G), a HopMy Ly c Becom (cp. (*)). Ha 3ToM nyTH Mo2%KHO MOKas3aTb: 
Teopema 2, JTycmep G—Heoepanudennan o6nacmb, eunepborurecKka 
wacmb KOMopoli maka oe, KAK UU NpeHde, A 2AAUNMUMeCKAA OepaHudeH 
deyma udyumumu Ha co Oyeamu Ts,5 UT's, (cm. puc. 1); £—Ouqbeper 
yuanoHoe ebipascenue Yanavieuna c Henpepoleneim Koagpuyuenmom k(x 
(—h<x_ < 00), yOosnemeopsolUumM Npu X»<0 npewcnum oOwum yYCAoéeuA 
u ycaoguro 1), a Npu X_> 0 — mpeboeanuto k (x2) >0. Paccmompum epanut 
Hole yCroeus meopembl 1, 6 Komopolx noaosceHo Ty =Ts,nUTs, 5. Myer 
2€(0, 1) @uKcupoeano; eeedem HYNesYI0 U NONOIMKUMEeNoHKYIO HOPMoL 


oe =lior -—* 


) 


1 + | x2|)?~* 
jot. .=lelo+ \ (k| Dyo |? +| Dev ?) (A+ | %2|)° da + \iV=RDw+ D,o|° dx 


Gy Gy 

Jaa durnumnoix Ha co dyxKyuli v, aokKaabHo exodstyux @ WS u ydoen 
M6OPHIOLUUX epaHudHolm ycCaroeunm (rp), cnpasednaueo anepeemuueckoe He 
pasencmeo |\(1 + |x|)? Z% [v]p Sclhol,,,, cOecnewuearowee une 

caaboeo pewenuaA Kpaecotl 3adauu 

dx 
gul=f. we(rp), \jup——2 
2 (1+ | x2 [)?F* 
mM. @. CYLUECMBNGAHUE AOKANCHO CYMMUpYemOlL C KeaOpamom GyHKuuU U, an 
Komopol cxcoumca unmeepan (9) Wu maKkoti, umo (u, L£lv]), =(f, v), np 
2 


arobolt v yKasannozo euda. B Kauecmse f moocHo e3nme sbyo mynKYyUK 


Oana KOmopot cxodumcs \ IF)? + | x2|)P-Sdx, usu o606uwennyo dynKyuk 
p | 


< 00, (s 


7 
H+» J 


noayuarouyrocn nymem samelkanua f no xopme |f|_,, =sup((f, v), /|o| 


ITycmb 6 “acmxocmu, Vs, UT: 5 A6AKIOMCA eepmuKaAoHeLMU noaynps 
MolmMu, A R(xX2)=1, HauuHaA c docmamo4Ho Oorwwoe2ed x,>0. Toeda pa 
cmampueaemole Kpaesole ycaoeua (9) KoppeKmHol 6 mom CmoICAe, “MO cnpt 
eednuea meopema eOUKCMEeHHOCMU OAH enadKUX peweNuUti: ecakoe pewenue 


ypasHenun £L[u] =0, exodatwee roKaaono @ W3, yOoeremeopsrowee Kpaeecon 
ycaosuio (Tp) u maKoe, umo uxmeepan (9) cxodumca, aAeasemca ny reéold 


MucrutyT MaTemaTuKu II 
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MATEMATHKA 


B.C. BYCJIAEB u JI. J. PAL EEB 


O SOPMYJIAX CJIEJOB AJA WU®PEPEHILMAJIBHOrO 
CHHIYJIAPHOrO ONEPATOPA LWITYPMA — JIMYBUJLIA 


(I]pedcmaseaeno axademuxom B. H. Cmupuosoim 3 I 1960) 


VM. M. Tespcdang, B. M. Jlepuran u JI. A. Tuxuit nonyaunn ToxecTBa 
fal ~COOCTBCHHDIX 3HaYeHHH peryaspHoro onepatopa Itypma — Jluysuaaa 
IMCOK JMTepatypb! cM. (*)). Mx mMoxkHO HHTepmperupoBaTb KaK BbIPaxKeHuA 
fA PeFYIAPH30BAHHHIX CICKTPaJIbHbIX CeEMOB LeJIbIX cCTeleHeH omepatTopa 
HOcpeCTBeHHO Yepes onepatop. Takasa tbopMysMpoBka mo3BosaeT Mocta- 
Th HOWOOHy10 3afauy HM VIA OMepaTopa Cc HeMpepbIBHbIM CNeKTpoM. 
| B wactoasmel pa6oTe NoJyYeHbl COOTHOINeHHA, BbIPaKaiolulMe HeKOTOPHIe 
PpaKTePHCTHKM CMeKTpa oMmepatopa 


Weta a (0) ee 00 ee = oy 9 (0) == 0) 


pe3 g(x). OTH COOTHCIIeCHHYA AaHaANOrMYHbI TORK MecTBaM JIA COOCTBeHHBIX 
raueHul. CnocoO BbIBOa OCHOBaH Ha M3YYCHHH CBOHCTB 3HaMeHaTesiA pe- 
WIbBeHTbI. OH OKa3bIBaeTCA YOOHbIM TakxKe H B CuJyYae perysiapHoro 
epatTopa. 

1. Mp 6yfem Bcloxy Mpesnonaratb, 4To * 


#14 (x)| dx <0, 


| Cnextp onepatopa L coctout u3 nosyocr [0, co] — HenpeppiBHbili cnekTp — 


/KOHCUHOFO UMCJIa OTPHUAaTeIbHbIX COOCTBEHHBIX 3HaYeHHH hy = — x7 (x >0; 
= 1,2,...,m). B cBa3uc onepatopom L yacto paccmaTpuBaetca PyHKUMA 


M(s)=1+ Ve a(x) (x, s) dx = A(s) en) 


(s=ot+it, OK t< 0, —o <5 < ow), 


yHKiMA 4(o)—apryment M(c)— Tak Ha3biBaeMaa MpefebHaa (pasa. 
| Ilyctb R,— pesonppenta L. 3HauKoM HyJb cBepxy OyfleM OTMeyaTb oTe- 
iTOp, cooTBeTCcTByiOMINH g(x) = 0. 


| Teopema 1. Onepamop R,»—Rx umeem cred** npu argh0 u 
Hedy (t= 1,2,..,m), Sp(R, — R= — 4 In MV 0< argVi<r. 
CuenctBue. M(V2) = det(E + gR3). 


* TIo moBoxy ucnomb3yeMbIxX Hamu OOo3HaueHHit HM CBOlicrB onepaTopa L cM. (*). 
** © moHATHM cneqa Aa a6cTpaKTHbIX onepaTopoB cM. (*), 
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IIpu g(x)€éL[0, oo] 


inMVT)=+) 0) de Sin mK > Op 
0 (=1 
oTcrola 
Sp(Ri—RY=— ed Ag, (x) 
rye 
=1(V7), t>0, 
a= t 
—{ Se(2—Njdz, <0. 


—oo l 


B cpsi3u c Apyrod 3aqavel topMyJbl TuMa («%) paccMaTpHBaJIMCb B pa 
dote MU. M. JIuqumua (4). Onn 6bluu MoMpo6HO uccAefOBaHbI JIA aOcTpakT 
HbIX onepatopop M. I. Kpetnom (*). B wawem mpumepe nmpefcTaBlneT HHTE 
pec cBa3b cbyHKunHn €(/) c npenenbHon chaz xy (R). 

2. ByiBo, COOTHOWEHHH, NMOMOOHbIX TOXKTeECTBAaM JIA COOCTBEHHBIX 3Ha 
YeHHH, HCNOUb3yeT CeyIoule JIEMMBI: 

Jiemma 1. Ecau g(x)€L[0, co], mo npu 0< Rez< 1/2 


m Z 
Tw . 
cf ; x22 — sinnz - L(z)—cosnz- f(z), 
1=1 
20e 


H(z) = Ve gs (k)dk, L(z)= oe In A (k) dk. 


0 


JlemMa | saBumeTcA cmeqcTBHeM aHaJIMTMYeCKHX cBOlicTB d@yHKunu M(s 
B BepxHeH NosynuocKoctH. Ee MoxKHO NOJYYHTb KOHTYPHbIM HHTerpupoBaHHe 


d 
bynkunu 7— M (s) ae 


Jlemma 2. [Tpednonoocum, umo cywecmeyem gh x > 0 nenpepoleHan 
npouseodnan q(x) (n> 1), npusem g(x) (L=0,...,n) umerom Kone4nole: 
npedeawt (Cc HeoOxodumocmbto paeHole HYAIO) Npu x—>0o. Toeda pean 
6 6epxHell NOAYNAOCKOCMU UmMetom mMecmOo acuMNmMOoMUUeECKUe Ghopmy Aol 


= (so fe 1 
MO) go, Bi Saarae Vat? ies) 
=0 


|s] co 


Mo 2S GM a bola) 


|s]| 00 (2is)? 


omKyda Ha eeluecmeeHHotl ocu 


n+1 

2 
in AtEY. = Ss hres) 
nN ( are = (2k)24 Qon + 0 “Aas 


n 


2 
‘i (— 4)" i 
4 (2) Oey, » (2k)22 44 Qeuta + 0 or jet 7” 
u=0 


B amux dopmynax V; = lim V,(«), Vz (a) (O<a) noduunenot pexyppenm- 
a—> CO 
¥M COOMHOWeHUAM 


Vo(a) = —\q(2) az 


it x 
Vi (2) = 4-9 (0) + ¥) ch,\ de Vin (z) q@—m—0(z) (L=1,...,n £1), 
0 


m=0 


ites ¢ 
= Vp an a +3 Vp-i-a Qi. 


| OTy JeMMY MOXKHO foKa3aTb, MpefcTaBsad 3aBuCuMOCTb o(x,S) OT S 
}BbIPAKEHUH Vs M(s) yepe3 onepatop npeoOpa30Bahua HW HCNOMb3yA MHTe- 
/aJIbHOe ypaBHeHHe JIA ONepaTopa mpecOpasoBauna. 

: Acumntoruueckve d¢opmyub gaa In A (k) u (Rk) no3sBonstoT ucceENoBaTb 
ayiMTHYeCKoe NposouKeHne H(z) u L(z) u3 nosochl 0 << Rez < 1/, BnpaBo 
'u NOMOL{H OObIYHbIX MpHeMosB (cM., HaripuMep, (°)). I]pu. sTOM OKa3bIBaeTCA, 
H(z) vumeer mpoctpie nomtoca B ToUKaXx 3/5, 3/,,..., a dyukuna L(z) 
keeT mpoctble nowtoca B TouKax 1, 2,... BbiyeTbl B MOmocax Henocpen- 
#BEHHO BbIpaxkaloTcA yuepe3s Q,. OrtTcioqa, Kak pe3yJIbTaT aHaMHTHYeCKOrO: 
OMOJ2XKCHHA TOKJecTBa semMbi |, celyer 

Teopema 2. B npeOnonoscenuax semmot 2 cnpasedaueol dopmy set 


(—1)! 
(2k) rt 


= (— 1)* a8 —— Qon (eon ci 


(<4) ie gee je "In (k)— a 


f==1 


= Qai 4] dk = 


e (= 4th t+1 


1) "ya pet 2a ai “lin A() 72 eee Qui | de 


2p =b - n—1 
= (— A se ae Toda (HHO. S 5 iN 


| Tleppas cepusa dopmy. anasornyHa TOK JeCcTBaM JIA COOCTBEHHBIX 3Ha¥e- 
H, BTOpad BbIpaxKaeT Te 2%e COOTHOIJeHUA, HO B TepMuHax (pyHkuun A (R)- 
Tipu TOMOWK JieMMbI 2 HaXOLHM 


Q=—la@d, Q®=4(0), 
0 


loo) 


Qs = 9 (0) +\ ale) dz, = 4" (0) —24*(0). 


0 


| DopmMywbl MepBol cepuu npu p= 1, 2 fator 


1 


En Venta \aterde]at = — 400) (=). 


| Ito cooTHomenne yxe Oblvi0 NosyyeHo B paOoTe OAHOTO U3 aBTOPOB AO 
Sats) e [nw ir\aerde— (5) @ O+\ #02) = 
t=1 i) 


= 5 (9° (0)—247(0)) (v= 2). 


CpaBHenve Halmx pesyibTaToB c pesyspTatamu JI. A. Tuxoro Wn cqYy- 
yas KOHeUHOrO MpOMexkyTKa OOHapyXHBaeT NOJHy!O aHaJOrHio ”. 
3. Cmenaem HeKOTOpble 3AMe4aHHA OTHOCHTEIbHO CiydaH KOHEYHOTO Mpo- 


MexKYTKA 
lp=—if+p(xy, O<x<n, Fy (0)= (7) Oe ee 


3HaMeHaTe/Ib PpeSOJIbBEHTbI 3NCCb MO2KHO CBASATb C WesOH dyHKkunel 
@(h) =o(z,d), rye 


— w" (x, d) + p(x) @(x, 4) = ho(x, 2), @(0,4)=0, @(0,d)—T. 


Bue Touek ciiekTpa 


Spr == “Ine (A). 


VimeeT mecto mpeyctTaBJieHve 


Tw 


o(k) = ane ox jee a ) y(t) w(t, d) de. 


Ero yQoOHO ucnosb30BaTb JIA M3YYCHHA ACHMMTOTHKH (A) H AaCHMMTO- 
THKH COOCTBCHHbIX 3HaUeHHH hy, ONpeeMHeMBIX HYIAMH @ (A). 
HerpyHo oKka3aTb 


d 
© O22 Fe.) i 
at Ss 4 dk s PKs Ss —itS + . 
1=j41 —oo l=1 


h;, L=1,..., j, — OTpulaTembuble coOcTBeHHbIe 3HaueHHA; A;, J=j+l, ...,— 
MOJIO*KUTebHbIE COOCTBeEHHbIe 3HaYeHHA; — 1 << Res << —12/o. 

AvasIMTHYeckoe MposouxKeHHe STOH MOPMYJIbi TPHBOAMT, KaK 4 BBILLe, 
K TOMKMECTBAM JIA COOCTBEHHbIX 3Ha4eHHH. 

ABTopbl BbIpaxkaioT OularogapHoctb M. TI. Kpetuy u M. I. Bupmany 
3a OOCyxXeHue pe3yJbTaTOB padorbl. 


JleHMHrpafckHH rocyflapcTBeHHbId YyHHBepCHTeT Tloerynuno 
vm. A. A. )KaanHopa 17 XII 1959 


UWHMTHUPOBAHHAA JIMNTEPATYPA 


2 Ant gh JM seers eae. 
Si (1959) Fea Reeoicen 
YMH, 7, 1, 171 (1952). 
mbaug, T. E. Wuaos, O6o6mennsie dynHkunu u pelicrBud Haq HuMu, 1958. 7 JI. J. 
@®angnees, JAH, 115, Ne 5, 878 (1957). 


* Cmorpu dopmyan (6.3) u (6.4) pa6orm (1). IIpu cpapnenuu nao yuectb, uTO B () 
MPOHSBONHbIC HEYeTHOTO MOpALKa g (X) CUHTAaIOTCA Ha KOHIaX NPOMexKYTKa paBHBIMH Hy JO. 
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Hoxnxayge Akaygemuu nayx CCCP 
1960. Tom 132, Ni 1 


MATEMATHKA 


B. C. BAHOrPAJOB 


OB OJHOM METOJIE PEWEHHA 3AXA4UH MYAHKAPE 
AJA AHAJIMTHYUECKHX ®YHKUMK 


(ITpedcmaseaexo axademuxom H. M. Buxnoepadosuim 31 XII 1959) 


Bynem pellaTb cJlefyioulyio Kpaepy!oO 3agauy: Halirn (byHKunio f(z), 
ZAJIMTHYeCKYIO B €AHHHYHOM Kpyre |z|<1, KoTopan Ha ero rpaHuue [ 
(OBJIETBOPAeT YCJIOBUIO 


Re {a (2) f’ (z)-+ 6 (2) f (z)} |p = € (2); (1) 


zz), O(z), c(z) — yHKuun, 3afannHple Ha I’, yoBmerBopstomjue ycsOBHtO 
Fenepa ¢ nokasatenem v (0O<v< 1), |a(z)|+- 0. 

| Sagaua (1) Opima paccmotpena VM. H, Bexya(*) u ee pemleHue Opiu0 
BHBAJICHTHBIM OOpa30M cBefeHO K pelleHHIO HeKOTOPOrO CHHryAApHOrO 
irerpaJibHOro yPaBHeHHA. 


O6o03HauMM Yepe3 n =5—A[arga(é)] uufekc 3afaun (1) (mesoe 4uucaHo, 


BHOe OTHOMEHHIO NpHpalleHua cbyHkuHH arga(t) Mp OMHOKpaTHOM OOxose 
KoH ¢ KoHTypa I’ nporuB yacoBoH crpemku kK 2). Torga 3aqayy (1) 
*KHO YMHOMKeHHEM Ha JeHCTBHTebHY!IO (PyHKUMIO IIpHBeCTH K Buy 


Re {z"e? @ f(z) + (2) F (2)} |p = 1 (2). (2) 


ecb p(Z) aHawMTH4Ha BHYTpH eMHHYHOrO Kpyra jz| <1, 


Im p(z)| = arg, (2) = b(zpeRer, (ez) =e(zyeRrt, (8) 


OKPyY2KHOCTH COJe€pxKUT KOHEYHOe YHCWO YIEHOB C OTPHIWaTeJIbBHbIMH 


Ie@HAMH, T. e. 
[©.@) 


1(2)= 2 wel, y-m-0. (4) 
L=—m 
KOMY YCJIOBHIO YMOBJIETBOPAIOT, HallpHMep, (yHKUHH ¥(Z), ABJIAIOUMECH 


WHOMAMM KOHEYHOH CTeMeHH OT X HY. 
\[Ipu BbimomHeHHH faHHorO ycmoBusa (4) Hallly 3afa4y MO?KHO 3allMCaTb 


bopme 


he Zz) pr 
a4 Dee) F aay (2) F(Z) _ ¢, (2) (5) 
\ 2 J 
k>0, 10; Q(z) avanutuuna uv Q(0)0 mpu k> 0. 
uc wv dyHkuna Q(z) Bbiparkarlorcs CylefyIoulMM OOpa3soM Yepes 


ja) 
* wo 
~ 


2H 7 (2) 

foe m in, (=m O(2)=2°7@) up m Son mS —n. 

Por 0, ln, Q(2)=2 42) py me20u m<—n. 

ene yt 0 (2) ay (Z) npn m0 wn > 0. (6) 
Pie 0, 1 = =m O(2)= 2977 (2) pe m= 0 nw nO: 


RAH, r. 132, Ne 4 Ana 


3ameuaune 1. R>0u Q(0) =0 Moryr OcylecTBIATbCA ONHOBPeMCHH 


TOJIbKO B TpeTbeM CJly4ae. i 

Pemasa 3agauy (5) OTHOCHTeIbHO aHaJIMTH4eCKOH (pyHKIHH zkeP(2)f' (z) 4 
-- Q(z)f(z), Nory4HM 9KBHBaseHTHOe Halle 3azaye OObIKHOBeHHOe Aupie peH: 
vaJIbHoe ypaBHeHHe c oco6oH ToUKol z= 0 


zkepl2)f’ (z) + Q(z) f(z) = if \o (2) it? ds = 


Te 


Op Cicer a, 2! az 2!t4 — .. . — a2”; qi 


io, Q4,.+., Qj, —TIPOW3BO.IbHbI€ KOMIVJIEKCHbIeE UHCa, A; —U4HNCTO MHHMO 


yHCIO. 
B ciyuae k=O ypapHeHne (7) He HMeeT OCOOeHHOCTeH, MOSTOMY Hallé 
3ayaua (1) scerya pa3pelluMa, a OfHOpOyHaA 3afaua HMeeT HeTPUBHaJIbH 
pelleHve, 3aBucailee oT 2/ + 3 BellleCTBeHHbIX TlapaMeTpoB. 
IIpu k > 0 npeo6pasyem yparHeHue (7) K Gonee yqOOHOK Wa Hac opm 
Jlia sToro pasneiumM o6e sacTH ypaBHeHua Ha e? nw cyemaeM NOACTaHOBK 
z 


f (z) = 71(z) exp [—\o (+) dt], rne D(z) ompezetsetcA creqyouluM o6pa3o 


0 
e-P(2) Q(z) = M+ Myz+...+ Mgz*+...; 
@O (2) = Me + Meyiz +... + Meppe*... 


Ilyctb 


Torya 


Hate ypaBHenue (7) MpHMeT Buy 


2° hi (2) 2 (Mee 4 Mee ee 
= exp[p(2) +) o@ael[ la ez ds+ay+...+a;z2’—. dat 
0 rp 
= ef [P (z) + Su (2)1- ( 
B cnyyae k= 1 ypaBHenue 
zfs (2) + Mofs (2) = e*  [P (2) + Su (2)] (9 


MMeeT e€QHHCTBeHHOe peryJIApHoe pewenue, ecnn My=+-—n, rye n— Hat 
paJIbHoe 4uCIO. 

B cnyyae Mjy=—n Ana paspemmmocru 3ayaun HeOOxO,MMO H JOCT 
TOUHO BbITIOJHeHHe yCJIOBHA 


F(z) 
\e" [P (2) 4 (agee aye teeta te 
ii 
ae i+1 eh Crs 
= QAylzZ Qj 72 ae te tea CLS J—R =0. (1 
gZith 


ITO ycuoBHe MpeycraBiseT coGoH Ba jelicTBUTebHEIX ypaBHenus c 2l + 
ea a ONHOpO,Hoe ypaBHeHue (9) uMeeT HETPHBHabHOe pelieHu 

aKHM OOpa30M pelleHve 3ayaun (1) npHBegeno K pellenuio cHcTeMBI (1 
M ypaBHeuna (9). 


B cnyyae R>1, My=-0 aaa paspeummoctu ypaBHenusa (8) Heo6xoquM 
H JOCTaTOYHO BBIIIOHeHHe CulelyIOulux ycnoBuit: 


\ P(z)+(@q+...4 azz! aa p27") 
Me x 
tj 
wy . i Mo il 1 aes : 
x exp| F(z) — (<2 ga bt )]az =0; a 


ony 
‘S Z 
— KOHTyp, COCTOAULHH H3 OTpe3Ka z=re *—-! (O<r<l), 3aTem gyru 


; 2rj j i 
im e (4 <—9< i) HM oTpeska z=re *-! (0O< r< 1), mpoxo- 
iMMOrO B OOpaTHOM HalipaBJieHHH. 

| (Ip Bbinonnenvu ycnosuit (11) quddepentuanbHoe ypaBnenne (8) umeer 
(HHCTBEHHOe perysspHoe B Kpyre |z|< 1 pemenne. Ycnopua pa3peun- 
foctu (11) aa ypapuenusa (8) Oblun yaHE! Topxom (2). 

| Wrak, B cnyyae k>1 sBompoc o paspemumocTH 3aqayH (1) cBogutca 
|| BoNpocy paspelmMMocTH HHeHOM cucrempl (11). JImHefHaa cuctema (11) 
ectaBaeT coOoh 2(k—1) nelcTBuTeNbHDIX ypaBHeHHl c 2/-+ 1 Hen3- 
>CTHBIMH. ‘ar C44 

Eom M,=0, k>0, to, cormacHo 3sameyannio |, uMeeT ecto cayyali 3 


Ilycth g=min{n, —m}, q>0; pemaa 3anauy (5), noryynM caeqyr- 


; (12) 


Bpuyy Toro, uTo NepBble g YWIeHOB pa3io%xeHuA B pag Maksopena (byHK- 
HMM, CTOAUeH B TpaBOH Y4aCTH YyPpaBHeHHA, JOU2KHbI ObITb paBHbl HyJIO, 
layaua CBOJMTCA COKpallleHHeM Ha Z7 K OJHOMY H3 PpaCCMOTPEHHbIX BBILLe 
WyuaeB IOC BbINOMHeHHe ycsOBHH (12). 

VUrax, 3anaua (1) pas06paHa jo Kouta B cayyuae, Korfa pag Pypre grsH 
(zZ) WMeeT KOHEYHOE YHCO YIeHOB C OTPHIaTeJIbHbIMM cTeneHamu, Takoro 
a PYHKWHH OOpa3syivT BCIOAY IIOTHOe MHOXKeCTBO B MpoctpauctBe H, ((yHK- 
H, YNOBJIETBOpAIOWUX yCJloBHIO Tembyepa c noKa3atesem v). Ho u3 npegpi- 


DCHTEJIBHO H3MeCHeEHHA Y(Z), MOSTOMY HCHOMb30BaTb YKa3aHHbIH MeTOX WIA 
PUeHHA 3anaunH (1) Kak NpHOHKeHHbIH MOXKHO TOJIbKO B CJlyuae, eCJIN H3- 
PCTHO 3apanHee, 4TO 3ayaya (1) ycroHu“Ba OTHOCHTebHO H3MeHeHHA Y(Z). 


Matematuyeckni uHcTuTyT uM. B. A. Crexnosa Tlocrynuso 
Axkayemun Hayk CCCP SLIT 1959 


WHTHPOBAHHAS JIATEPATYPA 


1Y.H.Bexya, Tp. T6mauccx. matem. uuct., 11, 109 (1942). ? J. Horn, 
| f. reine u. angew. Math., 120, 1 (1899). 
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Jloxnaypn AkaweMun Hayk GCECcr 
1960. Tom 132, N14 


MATEMATHKA 


JI. P. BOJIEBHY 
OB OBUIHX CHCTEMAX JH&GEPEHUMAJIBH bIX YPABHEHHH 


(11 pedcmaeaexo axademuxom M. B. Keadouuem 31 XII 1959) 


Xopoulo W3BeCTHO, YTO CBOHCTBa OAHOrO AudpepenualbHoro ypaBHeHH 
B OCHOBHOM (3a HCKJIOYCHHEM TaK Ha3bIBaeMbIX BbIPOMKCHHbIX C/yyaeB) OMp 
J\@AIOTCA CFO PIaBHOH YaCTbIO, T. €. WIeEHAMH ypaBHeHHA, COWepKalllMMu CTap 
mine mponssouple. IIpH u3sy4¥eHHu CHCTeM ypaBHeHHit Takx%Ke HHOra HeOOXO 
JIMMO BBIJ@JIHTb PIaBHbIe WICHbI CHCTeEMbI. OHAKO B CJIydae CHCTeMbI LudpepeHx 
I[MaJIbHbIX YPaBHeHHH BbIJeIeHHe TIaBHbIX YWICHOB CHCTeMbI He CTOJIb OHO- 
3Ha4dHO, KaK BCJIyyae OMHOrO yYpaBHeEHHA, H MOXHO MO-pa3sHOMy OlMpexemtAT 
«PlaBHyY!O YaCTby» CHCTeMbI. 3aMeTHM, YTO HMCHHO Pa3JIMUHbIM CMOCOOaM BbIye- 
JIGCHHA TIaBHOH YaCTH CHCTeMbI COOTBETCTBYIOT Pa3JIMUHble OMpPeeeHHA S/N 
TuunoctH (1, ?) uw ranep6ounuHoctTu (°, 4). B nepBo vacTH HacTOALeH padorsl 
Mb YKaX%K€M HEKOTOPbIM CMocoO MOCTpOeHHA TviaBHOH YaCTH CHCTeMbI H alu 
ompeeieHHe XapaKTepHCTHYeCKOH MopMbI JVIa CHCTeMbI ypaBHeHHH. [lowb- 
3YACb CBOHCTBAMH XapaKTePHCTHYeECKOH (OpMbI, MbI yYKaxKem 9PpeKTHBHOE OII- 
PpeAeJIeHHe SJVJIHMNTHYHOCTH, IKBHBAICHTHOe ONpeeteHuio Jlyrauca u Hupex- 
Gepra (°). 

Jlanee OyfyT clelHalbHO pacCMOTpeHbI OOULHe CHCTeMbI OObIKHOBCHHbIX 
ypaBHeHHit uw OyyeT yKa3aH ClOcOO cBeqeHHA HX K CHCTeMaM, Y KOTOPbIX rlaB- 
Had YaCTb CCTb MarOHaJIbHaA MATPHUa. ITO CBeeHHe WaCT HAM BO3MO%KHOCTb 
OMpPeAeIHTb YHCIO MPOWM3BOJIbHbIX TOCTOAHHBIX B OOMLEM pelI€HHH CHCTeMBI 
OObIKHOBCHHBIX YPaBHeHHH C MepeMeHHLIMH KOSPUIMeHTAaMH HW MOCTPOHTb AIA 
STOH CHCTeMbI (yHaMeHTaIbHy!O CHCTemMy pelilenuit. 

I, PaccmotpHM cuctemMy ypaBHeHHii 


Fe= >| Aq(®, Dy) Ge es (1) 
j=1 
Aly ED) =) a AC (2) 
lal<ygj | 
re, Kak OObUHO, ¥=(%,...,%n), D=(Dinua., Di) Dee en ocean 
= (%,...,%n), |%|=o,+...+ aq, DD eae He TIDHYEM %, ... 5 %n ~~ 


Wemble HEOTPHlaTeIbHble uncwa. Uncaa y,; HasbiBaiorca nopaykKaMu onepa 
TopoB A;;. 

_ Cucreme (1) mpi 6yJem craBuTb B CooTBeTCTBHe MaTpuny nopaqKos T = (yz/)4 
Ecna A,j=0, TO Mbl G6yzeM cuHTaTb, uTO Y¥;; = — oo. Tonoxum Rr 


== aes ei oth Ymi mp rye lise G ; < 
UMCeJ. 
Onpeyeaenue 1. Tlopsagkom cucrempi (1) HasbiBaetcx uucno R, 
paBHoe MakcuMymy 4ucel Rr No BceM noycTraHOBKam T v3 m uncer. 
Onpeneneuue 2. Llemie uncna Si, ..+5Sm, t1,...,tm  OOpasylog 


AONyCTUMbIM HaOOp 4YuCce AA cucremp (1) (MaTpHubt I’), ecm BBI- 
20 


) — HUPpOu3BOJIbHaA TOCTAaHOBKa H3 M1 


m 


HeHbI ycJIOBHs (*): 


Di (SPOR (3) 
t=1 
8,6, 2 %;;- (4) 


OcHopoit AA HamMXx JaibHelWmMx paccmoTpeHui 6yreT culeqyioulan JIeMMa: 
Jlemma 1. Jaa abot mampuyo T, a2emenmot Komopoti aubo yeAble 


MpuyamMenoHole 4UCAA, AUOO PabHbL — co, CYyLWecmeyem OonycmumoU HAabOp 
OlX 4UCEA. 


Virak, nyctb ncaa’ s15...,¢tm OOpa3syiot JonycTuMpili HaOop uncel waa 
Tembl (1). [lonox*xum 
Aij(%, D)= _ dy a4} (x) D*. (5) 
lal=s,+t; 
MeTHM, 4TO Ai, =0, ecam s;+t;> %;;-) 


Bgpeyem o603HaueHHa 


Ply As (iD) peace, Dye (Aa (rh) (6) 


Onpexeuenue 3. Jludpdepesuuarpupii onepatop A’(x, D), s3ayasa- 
el (3), (6), HasbiBaeTCA TMaABHOH uacTbiO Auhbpepenuuadbuoro 
epatopa A(x, D), 

Ec Mbl B onepaTopax (6) 3aMeHuM onepatopp D,,..., Dy, BeuleCTBeHHbIMH 
JaMM &,...,:, TO NOJYYHM MaTPHILbI C MOJIMHOMHaJIbHbIMH KOSp(PpHILH- 
(ramu A(x, &) u A’(x, &). Ilyctp 


x(x, §) = det] A’ (x, &)|, (7) 
L(x, &) =det] A(x, 8]. (8) 


Onpemenennue 4. Muorounen x(x, &) HasbiBaeTcaA XAapakKTepucrTu- 
}ckOH dopMmolki cuctemp: (1) B TouKe x. | 

B cumy (5) x(x, €&) Oyner OfHOpOHbIM MHOroUseHOM cTemeHH R no &.. 
-cHay ompeyesenua R muorowten L(x, &) He OyeT CofepxKaTb UeHOB 
PneHH Bblilie R. O6o3HauHM uepe3 /(x, &) cymMy uJeHOB creneHH R nosn- 
ma L(x, &), T. €. riaBHy!O YaCTb ONpeemHtTeA MaTpuubl A (x, &). 

| JIemma 2. I]pu awOox snavenuax € xapaxmepucmuueckan opma (x, &) 
Ipnadaem c I(x, &). 

| 3aMeTHM, UTO J@MMa 2 TO3BOAeT BLIUHCJIATh XapakTepucTHyeckyl0 tbopmMy 
TeMbI (1), He cTpoa MatTpHubt A’ (x, D). . 
OnpemenenHue 5. Cuctrema (1) HasbiBpaeTCH BLIPOKWeHHOH B OO- 
actu G, ecu fa moOoH TouKH x@G xapaKTepucTuyecKkan cbopma (7) 


|| paBHa TOK ecTBeHHO Hy,Ho. 


| JIemmet | “2 nosBomaIoT LaTb a(peKTHBHOe OMpeseseHHe Z/HNTHUHOCTH, 
kBHBaJIeHTHOe OMpeneseHHiIo Jlyrammca nu HupenOepra (*). 

Onmpegenenne 6. Hespipoxfennaa cucrema (1) Ha3biBaeTCa 9 11u 11- 
yeckoH B OOmacTH G, ecw B moOoH TouKe x€D xapaKktepucru- 
Kana (popMa y(x, &) He paBHa HYyJO HH Ip Kakux 3HayeHuaAX 6-0. 

II. Mbt renepb Oyfem paccMaTpHBaTb CHCTeMbI OObIKHOBEHHbIX ypaBHeHHit 
wa (1), roe D = d/dx. B ciyuae oObIKHOBeHHEIX ypaBHeHHli MoxXKHO orpaHy- 
TbCH PaCCMOTpeHHeM HEBbIPOXKACHHbIX CHCTeM. OCcHOBaHHeM JIA TakoOro 
DPAHHYCHHA MOMKET CJYRUTbH culeyioulan Teopema. 

Teopema 1. JTycmo cucmema (1) onpedeaena xa ompesxe [0, X] u Ko- 
puLyueHmol a) (x) cymbo mepomopdnole dynKuyuu x. Toeda au6o cytuecmeyem 


mema ypaeneHuul 


! 


mn 


G; = > Bij (x, LD jis} = 27; ules 


t=1 


HesblPOHCOCHHAA BO BCeX MOUKAX OMpesKa (0, X], sa ucKkaovenuem, Oolmo 
mowem, KOHeLHOZO UUCAA moueK, U aKeUBaAeHMHAA Cucmeme * (1), au6o cu- 
cmema (18) aKeueaneHmHa makoli cucmeme OuppepenyuanbHolx (uau, Oolmo 
mowem, An2eOpauuecKUux) YpaBHeHHli, Y KOMOpPOl HUCAO YpPabHeHUL MeHoUWle 
HUCAA HEUSBECMHOLX GPYHKYUL. : 

Tloxa3atTeabcTso. B cuay BbIPOKACHHOCTH CHCTEMbI HalAyTCA Mepo- 
MOpdHbIe (PYHKILHH }, (X),... hea (X) Takue, ¥TO k-A crpoKa (k <n) MaTpuip 
A’(x, &) Oyler BplpaxkaTbCat vepes MpekblyuiMe cTpoKH mo opMy1aM 


Real 
, = 1 — 
Agj (x, 5) = > hy (x) Arj (%, EEF (S183 Qs. « GSn)- 
r=1 
Sameuum cuctemy (1) 9KBUBaJIeHTHOM ef CHcTeMOH ypaBHeHHH 
bt 
: kN) = 
F; = F; +0; >) @)D* Fp = 0, (1’) 
is 
Jlerko Bugetb, uto R’< R, rye R’ —nopsnox cuctempl (1’). Ecsm cu- 
ctema (1’) HeBbIpoxena nH F,=0, TO TeopeMa WOKa3aHa; eCJIM CHCTeMa 
(1') BpIpox jena, TO MBI ee 3aMeHMM cuHcTeMoli (1”), HT. 2. Teopema oKasanHa. 
PaccmorpuM Ha orpeske [0, X] HeBbIPOXKeHHYIO CHCTeMy OOBIKHOBCHHbIX 
ypaBHenuit nopagka R. B cuay semMbl | cHcTeMy MOXKHO OyeT 3alucaTb 
B Bue 
m m 
| sp +t; (r) 
Di ai; (x) DY uj (x) + Dy) Dy ae? (x) Dru; (x) = f(x), (9) 


f=1 j=1r<s; +t; 


Fe Matpuia A’ =(a;;), CocTaBJeHHad U3 KOIPPHUHeEHTOB MpH CTaplliux 
ysieHaxX CHCTeMbI (9), HeBbIpoxKjeHa. 

Teopema 2. Ilycmo dynkyuu a;;, al) umeIom Henpepolenole npouseodHole 
Oo nopadKa s —s; (0= Ss; S.<R... KS, = 8). Toeda Onan nw6ot mouku Xo 
ompeska [0, X] natidemca makoe §6>0, umo- Ha ompesKe [X) —5, X»+ 8] 
nesolponcOeHHaA cucmema (9) aKeuBaAeNMHA cucCMeme YpasHenutt euda 


nn 
[s r; .1 (r 
G; = Du; + >) Dy 0) (x) Dru; = gi, (10), 
j=l <r; j 
206 tz > 0, fuck fees sb in Re bi? — Henpepolenole qdynKyuUu xX Ha OmMpes- 
Ke Ue x |, 

AokasarenbcrtsBo. B cuny Hepplpoxyennoctu MatTpuus A’ (x), raan- 
KOCTH ajj(xX) M MavlocTH 6 MOxKHO 34RYMepOBaTb HeH3BeCTHBIC (byHKWHH 
U1,..-Um TAaKMM OOpasoM, uTOGbI H3 cCHCTeMbI aureOpawueckux ypaBHeHuii 


m 

Yay (eye =t 

j=1 
ee OblIO NOCMeAOBATeNbHO MCKMNOYATb HeH3BeCTHbIC q,...,%m Up 
\X—Xo| <6. 3amesum cuctemy (9) skBuBaweHTHOH efi cHcTeMmoti y paBHeHHl 


-(1) —1psp—s (") 
| gi = Fp — aay, D* LP; RSS , 


* 
: Cuctema (1) skeuBanentua cucteme (18), ecm BcaKad BeKTOp-byHkuuaA u(x) (KomMMO- 
CHT U4; KCTOPOH HMeIOT Ha O1pesKe [X1, X2] HeMpepbIBHEIe MpoUsBOAHBIe JO nopayka 


Ma4X Y;;, YAOBNeTB i : 
Yip YA Opmouad MPH xyQxXGXq OMHO us cuctem (1), (18), o6a3aHa ynoBneTBO- | 


path 4 ApyroH. Uuena xy u x». Bb 
I a 2 PaHbl Tak, 4TO Ha oTpe3Ke [X1, x - 
sPuuMeHTOB cuctem (1) u (18). : ee aaa 


£8) 


|) cucreme (9’) unex D%+tu, BXORMT ToJbKO B OAHO MepBoe ypaBHeHHe. 

|faJIOTHYHO HCKJIOUHM H3 BCeX YypaBHeHHH, KpOme BToporo, uieHb! D'us, 
r>S2+ tz. MpogomKan ucksmtouenne, Mbl Ipuseylem cuctemy (9) K BULLY 

»), PACE) ==.S;-- b7, Saal, Seat iiie 

| Teopema joKa3ana. 

|| 3aMerHM, 4TO 3aMeHaMH Bula 


Meret, yy it. Ey SY ctln = Oa iy ws Dt, = YR 


jicTeMa ypaBHeHuit (10) mpuBoquTca K HOpMasIbHOMt cHcTeme ypaBHeHHii 
fpporo nNopsyKa 


- 


7 R , 
Dy: = Yy-ceiyy- (11) 


j=1 


O cBefeHHe MO3BO/IMeT CTPOHTb B OKPeCTHOCTH KaXKOH TOUKH OTpe3Ka 
, X] HaOoppl H3 R pewienuii cuctempr (1), OOpasyroulHx cbyHLaMeHTaJIbHyt0 
actemy. Hicnoub3sya Teopemy oO eMHCTBeHHOCTH 3ajauH Kou yin cucTeM 
Ha (25), MOXHO «CK/Ie€HTb) CPYHAaMeHTaJIbHble CHCTeMbI pellleHHH, onpeye- 
HHbI€e B OKPeCTHOCTH KaxOH TOUKH oTpesKa [0, X]. 

TaKHM OOpa30M MOxKeT ObITb OKa3aHa TeOpeMa: 

Teopema 3. Ecau cucmema o6olKHObeHHOIX ypaeHeHuli (1) Heeolpoocdena 


tx ompeske [0, X] u Kosd@duyuenmor a;;, a) umetom Henpepolenole npous60d- 


ple Oo nopsOKa Sp»—s; +p, ede p= max(tp—tz), mo na ompeske [0, X] 
k,l 


vy 


lywuecmeyem R pewenuti cucmemo (1), oOpasymowux dyndamenmaaonyto 
cmeny. 

H3 Teopembt 3 BHAHO, YTO YHCO MPOH3BOJIbHbIX MOCTOAHHBIX B OOULeEM pe- 
CHHH HEBbIDOMKACHHOH CHCTeMbI paBHO ee opayky. UncAO MpOM3BOJIbHbIX 
CTOAHHBIX B OOULEM PelICHHH BbIPOKTCHHOH CHCTeMbI OMpesesaeTca mMocue 
UBEMeHHA MOCeqHeH K HeEBbIPOXKTCHHOMY BHAY. SaMeTHM, YTO YHCIO MpOH3- 
JIbHbIX MOCTOAHHBIX B OOUICEM PelCHHH CHCTeMbl ypaBHeHHH C MOCTOAHHBIMH 
spbuHeHTaMH paBHO cTeneHH MHOrowleHa (°, °). 
3To OGbACHAeTCA TEM, UTO CHCTeEMy ypaBHeHHH C MOCTOAHHBIMH KO9ppH- 
lmeHTaMu (1) MoxHO MpuBecTH K Buy (10) H Wake K TpeyroulbHOMy Buy, He 
(CHAAR ONpememuTeia CucTempl (8). B clyyae BbIPOKACHHBIX CHCTeM C TepeMeH- 
IMM KOSPPHUMEHTAaMH MCTHHHBIM MOpANOK CHCTeMbI (YHCIO MPOH3BOJIbHbIX 
OCTOAHHBIX B OOULEM PeWIeHHH), BOOOULe TOBOPA, He CBA3AH C MOPARKOM MHO- 
ouieHa (8), H HeTpyAHO IpHBeCTH KaK IIpMMepbI CHCTeM, y KOTOPBIX OH OO/bUIe 
iopaaka L(x, §), Tak H MpuMepbl, rye OH MeHDbILIe. 

Astop BbIpaxkaet riyOoxy10 OnarogapHoctb K. WM. BaOexko 3a BHuMaHHe 
| WaHHou pa6ore. 
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MATEMATHKA 


B. B. FOJIBABEPr 


COMPADKEHHbDIE CETH C MAPABOJIMYECKHMH KOHIPYIHWN AMM 
OCEH 


(I1pedcmaenexo axademuxom I]. C. Aanexcandposoim 30 XII 1959) 


1. JIunua Mepeceyenua KaCaTebHbIX MIOCKOCTeH AByX NepBbIX Mpeobpa3o- 
BanHi Jlannaca (A,) u (Az) compaxKeHHOH CeTH (A,) Ha3bIBaeTCA MePBOH OCbIO, 
a upsamaa AiAe, coequHAIOUlad STH MpeoOpasoBaHuA, — BTOPOH OCbIO CeTH 
(Ao). CpoiicTBa runep6omHuecKHX KOHIpySHUHH OCelt COMpsAxKeHHOHM CeTH BMep- 
Bble H3y4Hs COTHHK (1), a 3aTeM K HUM BOSBpalllaJIHCb MHOFHe Apyrue aBTOphi. 
Cern c MapaOommyecKHMH KOHTpySHIMAMH OCeH H3y4a Hb Muxaiinecky (*). 

B jauHow paOoTe mpozomKaetca uccmeqoBaHHe CeTeH 9TOTO posa. 

2. K KaxkjloH TOUKe CONpsxA2xXeHHOH CeTH IIpHCOeCAHHHM IIPOeKTHBHbIN perep, 
OOpas0BaHHbIli YeTLIPbMA aHaJIHTHYeCKHMH TOUKAaMH A;: TOUKOH ceTH Abd, 
COOTBETCTBYIONLHMH eH TOouKaMH A, HM A, TepBElx mpeoOpa3soBannu Jlansaca 
ceTH (Ao) H Iipou3BONbHOH TOUKOH NepBo ocn Az. MudunnTesuMaJibuble Ipo- 
CKTHBHble TepeMellleHHA pellepa orpeedsiotca ypapHenusmu dA; = wl Ag 


(i, k= 0, 1, 2, 3). IIpnH yka3aHHOoM BbIOope BeplIHH 


o> = 0, wo NOTIN S ws = ee: (1) : 


Jlupdepenitupya ypaBHeaua (2) pH NOMOLLM ypaBHeHH CTpykKTypbI Mpo- 
€KTHBHOTO MpoctpaHcTBa Dw! — [ook] uw npumMenaa memmy Kaprana, umeem 


2 0) 0 
w3 = 40" + Bw, Wy = 70! — cB,0?, 


(3) 


0 1 2 1 
@, = —aBot-+ yo?, 3 = 8,01 + a,0?. 


VinpapvanTHbIMH (OpMaMH, COOTBETCTBYIOUIMMH TOUeUHEIM MH TaHreHin- 
aJIbHbIM HHBapwantam J\apOy ceru (Ag) (°), aBastoTca opMEI 


H= [oo], A =ca[ow?y, 


me 8 (4) 
K=[o'o"], K = an, {oo}. 


3, YpaBHeHHA acCHMMTOTHYeCKHX MMH ToBepxHocTeli (Ag), (Aj), (A,) 
UMerIOT BU 


a(ot) + c() = 0, ax(ot)?+7(o)=0, 11(0)? + coy (2)? =0. (8) 
PapeuHctBa 

{= ca, (6) 

Yr = Ay (7) 


ABJAIOTCA COOTBETCTBEHHO YCJIOBMAMM TOTO, YTOObI KOKTPySAMLHH KacaTeJIbHBIX 
(A)Ai) u (AjA,) OblnM KonrpysHuMamMH W. KacatenbHad kK JIMHMU w? = 0 
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MOBepXHOCTH (Aj) MepeceKaeT nlepBy!o ocb B TouKe T= A,;—8A), a 
aTeJIbHad K JIMHHM @' = 0 Ha noBepxHocTH (A,)—B Touke P = A, — 8, Ap. 
1KH Fy9=hA) + As, Dyg=pA,+ Ay, roe } WH w—KOpHH ypaBHeHHit 


ne (Peet) eee a, (8) 
ayy” + ac (8 — By) Cy == 0, (9) 


Kat (okycamH epBoH u Bropoit ocu. Tleppas och mepeceKaer (poKaJb- 

NJOCKOCTH BTOPOK H BTOpad — *oKaJIbHbie NMIOCKOCTH TepBOH COOTBeT- 
CHHO B TOUKaX Cy,=wA,-+ As, Byyg=hA,+ As, roe h uM  oNpenens- 
A W3 ypaBHeHHi 


ach* + ac (B + B1) \ + acBBi — y71 = 0, (10) 
au?t (B —B,) uy —o, =0. (11) 


‘Ypasuenna (8) uw (10) noKka3pipatoT, uToO Mappt ToueK (Fi, F2) u (Bi, Bz) 
iHaleKaT HHBOJIOUHH, OMpesesAeMOH ABOHHOK TOUKOH Ao Hu Napow TOUeK 
P). Tipu ppmomHenHn ycrosua (6) B cuny (9) u (11) umeem,uTo mapa To- 
(Ci, C2) IpHHaqIexKUT HHBOJIOMMH, ONpesenaemMoH ABOMHOH TOUKOH Ai 
sapoH Touek (D1, Pe). 

#4. OWHOCTOpOHHee pacculoeHHe Napbl KOHTPySHUHH OceH B HalpaBJeHHH 
MlepBbIX OCeH KO BTOpbM (*) JonycKatoT ceTH R (H = K, K = AH). Oco6oe 
1eHHe C MpOHSBOJIOM BD PyHKUHH OAHOTO apryMeHTa O6pa3yloT rapMoHH- 
KHe H3OTEPMHYCCKH COMPHKEHHbIEe CETH, T. €. TAKHE H3OTEPMHYECKH COMpsA- 
HbI€ Ce€TH, JIA KOTOPbIX TOUKH T u P coBnayatrT. 

KOQHOCTOPOHHee paccyloeHHe Mapbl KOHTPySHUHH OceH B HallpaBseHHH OT 


pLIx oceli K TI€pBbIM JOMyCKaloT Te H TOJIbKO Te Ce€TH, JIA KOTOPbIX CyMMa 


KeUHbIX HHBaPHaHTOB PaBHa CYMM€ TaHTeHIMAJIbHbIX. JTOT Kacc ceTel 3a- 
HT OT OJHOH MpOH3BOJIbHOH yHKUHH ABYyX aprymeuToB. IIpHmepamnu Ta- 
. cere cmyxKaT ceTH R u cetu E (WH = H, K = Kk). 

akouel, ceTH R, H TOMbKO 3TH CeTH, JOMNyCKaloT ABYCTOPOHHee pacc0e- 
| napbl KOHTPpyIHUHH ocen. 
fS. CeTH, Jif KOTOPBIX KOHTPYSHUNA NepBbIX OceH aABAIAeTCA Napabomn4e- 
ii, ompefemstotca mdbadpospimu ypaBuenusmu (1), (2), (3) H ycnOBHem 


(8 — Bx)? + 4a 0, = 0, (12) 


TH C lap a6oMyeCKHMH KOHIpyIHUHAMH BTOPbIX OCeH — TeMH xe Mdadpo- 
iH YPpaBHeHHAMH H yCJIOBHeM 


Gee ye a) Oe (13) 


axKbl H3 3THX KaCCOB CeTeH 3aBHCHT OT OQHOH MpOH3BOJIbHOH dyH- 
lu jeyx aprymextos. J\ia cere mepporo kslacca TouKa F = Fi = Fe 
IHOBHTCA BTOPOH JBOMHOH TOYUKOH  HHBOJIOWHH, paCCMOTPpeHHOH Ha 


| cnyxuT Touka B= Bi = Ba. . 

Cpeyu cere c NapaOouM4ecKHMH KOHIPYSHUHAMH MepBbIX OCeH C MPOH3- 
Hom B 6 @yHKUMH OMHOTO apryMeHTA BbIMeNAIOTCA CeTH, JOMYCKatoulue OL HO- 
hoHHee pacclOeHHe Mapbl KOHTPySHIMii Oceli B HallpaBJeHHH OT BTOPbIxX 
Wi K mepBpim. AHasOrM4HbIl pesybTaT uMeeT MECTO JIA CeTel C MapabosH- 
KUM KOHTPYSHWMAMM BTOpBIX OCeli. OTbICKaHMe CeTeH C NapaGoulMUeCKUMH 
rpysHuuamu 100 MepBbIX, HOO BTOPbIX OCeH, MOMyCKAaIOUUX OMHOCTO- 
ee paccJIOeHHe OT MepBbIX OCeli KO BTOPbIM, IIPpHBOAHT K CeTAM R, AJA KO- 
lk\ix o6e KOHrpySHUMH Ocel MapaOoMyueckne. C mpousBosiom B 6 dyHkunli 
bro apryMeHTa CylecTByOT CeTH C MapaOoM¥eCKHMH KOHIPYSHIMAMH 
Ib TlepBbIX, HOO BTOPbIX OCeH, XapakTepHsyeMbIe YCJIOBHeEM (6). Jaa mMep- 


29. 


pbx TOUKaC = C1 =Co, a Aa BTOPIX TOUKA D = Pi =PD2 CTaHOBUTCA BTOPO 
JLBOHHOH TOUKOH HHBOJIOMHH, paccMOTpeHHOH Ha BTOPOH OCH. ; 

6. Cucrema ypasnennit (1), (2), (3) MpH ycnoBuax (12), (13) onpexenner 
€ TIpOH3BOJIOM B 6 dyHKUAH OLHOTO apryMeHTa CeTH, WIA KOTOPbIX O6€ KOH- 
rpyaHILHH Oceli MapabomMueckHe. COBMECTHM BepLIHHy Asc doxycom F. Torga 


5, =—B; As= F = B® =—2Ai + Ax, C=—2Ai+ Aa. Jlerxo pag 


| 
JleTb, YTO CIO2%KHOe OTHOMeHHE TOUeK A1, A2,®, C paBHo OTHOIWeHHIO MepBoro 
TaHIeHUMaIbHOrO HHBapHanTa KO BTOpomy TOweyHOMy. YCOBHA (12) u (13) 


111 = ACH, (14 


T. €, IIPOH3BeeHHe TAaHTeHUMaIbHbIX HHBapHaHTos JlapOy paBHO NponsBeje 
HurO TOUeUHEIX. Ycenopune (14) B cHury (5) O3HauaeT Tak>Ke, UTO Ha NOBEpX- 
Hoctax (A,) u (Ay) CoorBeTcTByIoT acHMMTOTHYecKHe JIMHHH (*). 
Acumntrornyueckue JIHHHH Ha opepxHocTtax (A;3) u (@), KacaTesbHble 
K KOTOPBIM OMHCbIBAIOT KOHTPYSHUMH MepBbix HM BTOpbIx oOcelt ceTH (Ao), 
Ope EAIOTCA COOTBETCTBEHHO ypaBHeHHAMH 


Ba? — a0? = 0, (15) 
abo! — yw? = 0, (15°) 
mun, B cuy (12) u (13), ypaBHeHHaAMH 
aw + Bo? = 0, (16) 
7101 + cBw? = 0. (16’) 


TeomerpHyecKad XapakTepucTuka cere (15) u (16) TakoBa: KacaTeJIbHbIe 
K JIMHHAM BTOPBIX Ce€Me€HCTB STHX CeTeH COOTBETCTBEHHO Ha NOBeEPXHOCTAX 
(A1) uw (Az) MpoxogaT yepes Touky As, CIOKHbIC OTHOWICHHA ABYX HalpaB 
JICHHH, KaCaTeJIbHbIX K JIMHHAM CPOKAJIbHOK CeTH Ha MOBepxHocTH (Ai), C RBYMA 
HanpaBJICHHAMH KaCaTeJIbHbIX K JIHHHAM CeTeH (15), (15’) wu (16), (16’) coor 
BeTCTBCHHO PaBHbl OTHOLICHHAM BTOPbIX HIM MepBbIX TOWCUHLIX H TAHTeHILH= 
AJIbHBIX HHBapHauToB JlapOy cetu (Ao). CompsxKenHocTb HampaBienun (15), 
(15’) u (16), (16’) Ha mopepxuoctu (A1) ecTb HeOOXORUMOe HM AOCTATOUHOe yc 
JIOBHE TOPO, YTOOI COOTBETCTBEHHO KOHTPYSHUHA NePBbIX OCeH H KOHTPyIHUMA 
BTOPbIX OCeH ObliH MapadoMuecKHMH, 

7. Cera Rc Mapa6ommuecKHMH KOHTPySHWHAMM OCeH ONnpewersIOTCA ypaB 
HeHHAMH (1), (2),(3),(6),(7),(12). Uccnenopanue sto cucTeMbI NOKa3bIBaeT, YTO 
9To 1H60 ceTH BusbunucKoro, 1H60 ceTu, Aa KOoTOpHIxX H = H = K = K (2) 

Uernpie mpeodpasopanua Jlannaca (Mz) ceteii Bunbuuuckoro ¢c napa6o 
JIMY€CKHMH KOHIPYSHUHAMM Ocel pacmOvlaraioTcA Ha MepBoil ocu ceTH, He 
yeTHble (Mo,_,)—Ha BTOpoH; cuuTad, Kak u Bn. 6, F= Ag, 8,=—8 
H MIpOH3BOA COOTBETCTBYIONLYIO HOPMHPOBKy, MOyaHM 


Men = nAs case BAo, Mon— So nB Ay +- (n aaa 1) aAs, 

(17) 

VA ays = nAs -- B Abo, M~sn41 as (1 — n) BA, +- naAs (n = OF iB vas OG -). 
Jlerko BujleTb, uTO 


(Ao, Ass Man Mon) = —1 (n> 1); (Atay Mana ants) = Gg 


({DA,, Mon+1M_ orp) se va (n = 1); (DA), Men—1M —2n—1) = 1 (n >; 1) 
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KourpySHUHH KaCaTeJbHbIX (OKaIbHbIX CeTeli 3TOH TOCeOBaTebHOCTH 
HajieKaT JIMHeEHHbIM KOMIIJIeKCaM OJHOrO Ty4Ka, OMmpememsemoro KOM- 
eKCaMH 


Po2 — %P13 —BPoeg = 9, Por + BP1s — Pos = 0. (19) 


J[pa cnelwaIbHbIX KOMIIeKCa STOrO HyuKa coBnaqaioT. O6e KoHrpy3sHHH 
PH MpHHaqexkaT BCeM KOMIIIeKCaM 3TOFO My4yKa H MOTOMYy COBMayatoT, 06- 
BYA JIMHeHHY!O KOHIPySHIHW, MpHHaviexkKallly!o CHHCTBEHHOMY CIleWwuaJb- 
y Komiiekcy nyuka. Ilapa qupextpuc ee copnagaet c mpamoi As®. Jlyau 
H JIMHCHHOH KOHTPYSHUHH pachanawTcn Ha Ba MOACeMelcTBa: Wy4YH ONHOTO 
CbIBalOT MepBble OCH-CeTH (Ac), y4YH Apyroro — BToppie. Tak Kak CeTb 
») —ceTb R, TO, B curly 1. 4, 9TH WBa MoscemelicrBa wy4uel AByCTOpoHHe 
CuiOMeMbI. PasBepTHIBalOULM4MHCA MOBEPXHOCTAMH MepBoro CeMeHCTBAa C/YKaT 
ycbl C BepliHHaMH B As H HalipaBsiaiomjumMu (15) Ha MoBepxHocTu (Ao), 
TOporo — KOHYCbI C BepuiHHaMH B ® u HallpaBsasioujuMH (15’) Ha noBepx- 
TH (Ao). Hanpasusenua (15) uw (15’) compsxkenbt Ha (Ao). KacaTembubie Kk JIH- 
yaAM (15) onucHIBaloT KOHTpy3HuuIO (Ao). TlocneqopatembuocTb Touek {Moe,} 
DHTCH K TOUKe As, NocmeqOBaTesbHOCTh ToueK {M,,_,} — Kk TouKe ©. 
B 3akroyeHHe BbIpakKato OarogqapHoctTh upod. C. Il. PuHnKoBy 3a 3a- 
HaHHA MO paooTe. 


MockosBcKHH ropoycKOH neyarorMyeckH HHCTHTYT Tocrynuao 
um. B. II. Tloremxuna 29 XII 1959 
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MATEMATHKA 


M. B. KANHJIEBHY 
O ®OPMYJIAX CBA3H JIA CHHYJIAPHbIX 3AXA4 TPHKOMH 


(ITpedcmaeaeno axademuxom H. [. Hempoecxum 31 XII 1959) 


Byjem Ha3bIBaTb CHHTYJIAPHbIMH mpoOslemamMu TpvkKomMu 3afauy OTbICKAHH 


B o6mactn D(y>x>0) tex pemenuii u(x, y,8) wu u(x, y, 8) ypaBHenua 
Qunepa — Ilyaccona 


(Y¥— x) Uy +B(us—ty)=90 (0<Sa=28< 1), eee 


KOTOpble HelmpepbiBHbI B J) BMeCTe CO CBOHMH MPOH3BOAHbIMH BTOpOrO NOpAyKa 
HM YOBNeETBOpAIOT BAOb NoWyUpAMBIxX y=x>0, x =0, yO coorszercr- 
BeHHO YCJIOBHAM 


' u(x, x) =f (x), u(0, y) = 9; (2) 
n(x, x)= F(x), u(0,y)=0; y= —((y—x)(2— 2a) (3) 


IIpu stom f(x) nomaraetcs jBaxabl HempepriBHo udtepeniupyemo Ha 

nonyocu y= 0, x >0, mpnuem f(0)=0. 
Teopema 1. [pu 8, >$,;>0, B=8$,—8,, a=a,—a,, w(x —y)= 
=x—E§ x,1'(8)T (4/,— 8.) = 227 (*/2.—B,) umeem mecmo gopmyna ceasu 
u(x, Yy; Bs) ad (y cay i) abe Be \ Ky (se Y, e 81, By) u (, Y, 81) dé, (4) 


0 


20e Ky = xq (y —6)%! (Wa ERLE (8) Baccus 

Teopema 2. Mycmp 81> By > 0, 6=B,— Pa, % (1— a1)" P'(8) T fat Be) = 
= (1 —a,)"0(*/2 + 81). Toeda gynxyuu u(x, y, B:) (i= 1, 2) cessaner 
pasexcmeom 


x 


(x, Y, Bs) = (y — x) \ Ka (x,y, & Br, Ba) a(E y, Bs) a8, (5) 


0 


Aadpo Komopoeo Ky = x(x —&)8-1F (—s, ean Cc i 
Teopemiand. 2c1t be 0: Bo > 9, BitBe-0, x3 (1 — ay)™TP (4/2 — Bo) x | 


x PD (Bi + Be) = 2D (7/o-+ Bi), mo u(x, y, Bi) npeo6pasyemca 6 u(x, y, Be) 
COOMHoUleHUeM 


(2, os Ba) = (y—x)B | Ka (x, 4, & Br» Bo) te (E yh Br) db, (6) 
0 


20e Ks = x (4 Cote F (1 ee, Be, Bi + Bos ). 
OOparHnie cBi3H JaeT pelieHue HHTerpasbHOrO ypaBHenusa (6): 
1 (% Ws Ba) =(y — x) Kale, ys & Br, Bo) aE ys Ba) dB, (7) 


0 


papeylmuBoe mpu 8, > 0, 

a == as) Tt, BOK 
85; W). 

Lea paccMaTpHBaeMble 1poOsiempr Tpukomu c pemenuamu z(x, y, 8) 


z(x, y, 8) aByX CHHrYJAPHbIX 3ayayu Typca ('): 
Y2xy + %y + Bex =O (a> 0, BO, (x, y) ED); (8) 
z(0,y)=9, 2(x,0)=F(x),  2(0,y)=0, zy, (x, 0) =f (x), (8a) 
WTaw, Kak uw npexye, f(0)=0, f(x) C Ly. 


Teopema 4. Toaaeaa BAB, 20, D, 00x 6 = ae er( l—8) = 
} Pal’ (1 — ay) P(1 4- 8), NPUxOOUM K cbopmyre npeob pasoeanus: 


Bae 0, Br -F Pa 1, 2 ey (eee Bo) I’ (1—B;—Be) = 
cs x4 (4X —8)- —81-Bs (y — §)—Be PY otep wit — 6, 


(2, Ys Bs) = (y— x) (L)"e-a | Quz ( y, 81) dé. (9) 
0 


ia g9mom paz sdpo ea ceodumcA K KON®AWIaHMHOLL eunepeeomempuuecKoli 
pHKyuu Humbert’a (° ley = — prexp (4&/y) De [(x — &)° Dy (Bz, 1 — Ba, 1 + 8, 


w)]. Kozda 8) = 8, aQ=Qi(x, y, & 8, 8), dopmyna (9) npunuma- 
6uO 


—Seayays [baal ( 
| [APP eo, 8) = page & tee V2 v, Bat. 
0 


Odpaujan cBa3su (9), Halimem ana By >8, >0, uf (1 —8,)C(1+8)= 
(1 —a,) 
—Be 5 5 
z(x,y, Bo) = (4) (Cie: NEN Ost (¢, ys Bi) dé, (10) 

€ Qo = — po (y — §)%—1 Dz [(x — &)® D, (Bo, Bi — 1, oe i, —)}. 
| [Ip papupix 3HayveHHAX By = 8, = B u Q2(x, y, &, 8, 8 B) = OF 

a(y—x)}-8 yy Ea) Moatihlae Gir 
| CAD aia reemeEren a ia) mate 2(& y, Pd 


MeOmeMan 0. (Jicrioonby < dsqueli(dacdibs)1 ich Byetdeel aan): 
b, z) — eamma-qynKkyua Dtiaepa (*). Toeda: 


2, Yoo) = Qs (x, Y, e B,, Bo) u (5, Y, B,) dé, (aly) 


-\0,— 8 } —) L 
Qs = Ha(y—8)" De yor A (£ — 8) [Bo, A=) a. 


eae Shine 


AnaJsIOrH4HOMy COOTHOUICHHIO YOBeTBOpAIOT HM (pyHKUMH Zz(x, Y, Bo), 
X, y, 8,). Vurepecho cpaBHuTb Take (1) C ypaBHeHHem 


YUyy + By — A, = 0 (a >0,(%, y) ED). 


Ecau Ana v(x, y, 8) BBITOUHAIOTCA TepBpie u3 ycoBHit (8a), TO, O603Ha- 
a uepes Q4(X, y, & Bi, Bo ) (O<E< x) cbyHKunto 


ih 
Shale De (Gt) aE Se {)-&(t— t)-Prexp (— 4) ar, 


e pl? (1 —8,) (1 —8,) =P (1—a,), nonyyum 


a2, 4s Bs) — (ayy™ (Qasr ws 8 Bs BUC, Ys dd (12) 


0 


AnaslOrHuHblli BH HMelOoT (POpMYVJIbI, CBA3BIBaIOWIHWe UC U, a TaK?Ke 
c u(x, y, B:). Hapsgy c (1) panee (*) n3yyasiocb Oonee odinee CHHTY JIAPHO 
y paBHenne 
(y — X) Wy +8 (We — wy) —O(y—x)w=9. 
Jaa ero pemennit w(x, y, 8), yHOBeTBOpAIONINX yCIOBHAM (2), Nomyuae 
nondras r= V(x—d)(y—D, 2h (z)= eT +yh ©): 


w(x, ys Ba) = (y — x | Rw, ys 21) a (13 


0 
oy Bo > 81550, wM(B2) P (1—Bi)P(*/2— Be) = 2°T7/2—B1), R= —va(y—8) Dz 


x \( — t)%-1(y — t)8 (t — &)—* Ig,_, (2br) dt. Tlpa mocrpoeuuu Takux aK 
cooTHomenni ia wuuterpanos w(x, y, 8), YAOBJeTBOpAIOWIMX KpaeBbIM [aH 
HBIM (3), SPE ia HaoGopoT, MpHHATb 8, > 8, >>0, To MaeT, ecmM Ccuu 
TaTb vz (1 —a)*P (1 — Be) P (81) T (Ba + */2) = (1 — Ga) 1 (Ba + */s): 


ever x, y, & Ba, Be) u (6, y, Br) dE, 


0 


Ry = —v2Dz\ (x — t)-* (y— 1)F (t= 8) Tg, (br) dt. 
tah 
B To 2Ke€ BpeMA IpH HeH3MeHHOM 3Ha¥eHHH Mapametpa 8 


w(x, ys B) = u(r y 8) + (y—a-*\ Rie, v, & Bs B)u Ey, B) ab, 


0) 
w(x, y B)= u(x, vB) +) Role, y, & BB) UE y, Bae 


ITH PopMy JE B pesyJbTaTe 3aMeHBI WU uu PYHKUMAMH Z UM Z NPHHH 
MarioT Buy 


W(X, Y, Be) = (4)" (y— xia RD [e**/¥z (&, y, B1)1 dé, (15a 
0 
Dy, Ba) = (L)"| ReDeter2e ( y, Br) a (15h 
0 


NpvyuemM WA RRs NOJY4aeM WHTEr pa JIbHOe MpeWCTaBJIeHHe 
x 
Rae \ (¢ — §)-®ipas—2¢—atluJ, | (Qbr) dt, 


(Z 


B KOTOpOM vel’ (B.) (1 — a2) (1 —B$1) =P (1 — 8), a R, Saal ui 
paBeHcTBa a%-21~@]" (as) Ra = — By (1 — a,)*T (ag — 1) Rs (x, y, &, Bi, 1 — Be) 
Ilocne unterpupopanua mio yactam (15) nopoxyaror yeTbIpe cooTHOMeHns, 
OTBeYaIOllHe YCJIOBMAM B, > Bp > 0, Bb} +8,>1 un B1 = Pp =B. Ananoruunyw 
(DOpMy MMeIOT paBeHcTBa, peoOpasylollne wu ZB W, a TaKKeE UM ZB WwW 
Ecm f(x) Lo, To, m0 aHanorun c (4), Aaa TpMBeqeHHEIx onepaTopo 
MpeOOpas0BaHHA MOXKHO MOCTPOMTb pas/Ox%KeHHA B CeCKOHEUHbIe PALM, adco 
JIKOTHO a PaBHOMepHO CxojalMeca B GOsacTH D. A umenHo, BBeeM 0603HAa 
uenua Uz = kp, (8, 1 —8, 1 -+8, —p,—8,), 02 = Ryx'—oFD, (1 — 8, a 2—§ 
—0o, ay. Diese (Y=. x) =e ae Bhd aU ee rea 
kT (2 —8)T (a) = (1 — aT). 
30 


|| Kpome toro, paccmorpum o6patHbie onepatoppi (Uf)! = ks (y — x)!-* x 
Dz [x-8 (y — x1, (1 —8, 1 —a,2—8, =p, —8,)], (G8) = ha(y—x)? x 
HDs [x°y"(8, 8x)], Rs (1—B) TP? (1—8) =P (1 —a), Vix (1 —a)t hy = T (3/2 +8). 
Torda, McnouIb3yA CHMBONHKy pa6orpl (1), NowyuWM uy = UU ae 
BOs, tg OA Zgs a, = UPA en ce, = ZEUS 
i= De A ae: vg = Vie (USY4 uy; vp = VE (U8) u,. Samerum, To 
x, Y, 0) = ux (x, y, 0) =2z(x, y, 0) =f (x). Takum o6pasom, mpuBefennpie 
le paBeHcTBa mpH 8; =O unu 8,=—0 gator aABHHe cbopMysbI peleHusa 
fOTBETCTBYMIHX KPaeBbIX 3ayay JH MX OOPallleHHe OTHOCHTEbHO Ha4yaJib- 
MIX MYHKUH. 

| Tax xax K,>0, mo u3 (4) eoumexaem, umo ecau f’ (x) > 0, mo c pocmom 
ipamempa 8 u(x, y, 8) yOoeaem. Bie cBA3bIBaNMCh MHTerpasbl AByXx 
/aBHEHHH Mp HeEH3MeHHOM HayaJIbHOH dyHKunH. Ilycrb Tenepb f(x) = P(x)f (x), 
ke P(x) —mponsBoibHaa cbyHKUMA, UHTerpupyeMaad Ha JsHOOOM KOHeUHOM 
iTepBayle Momyocr y=O0, x>0. B 9dToM cuy4ae aa CooTBeTCTBYIOUINX 
HIeHHH ~TaKxKe HMeloT MecTO dopmywb (11)—(15), Ho nogbinTerpasbHbIe 
paxenua sanep Qs, Qu, R; (i= 1, 2, 3, 4) NonyuatoT ZONOWHUTebHO MHO- 
kutenb P(t). IIpuMepbl Takux cBxa3eH MOXKHO TaKKe NOCTPONTb, 3alHcaB. 
Z, UV, W B cbopme unTerpasos James, cosepxKauluX pa3pbIBHble pelleHua 
X %Ke 3aqay Wa f,(x)= 1. He npusoaa Apyrux pe3sysbTaToB, BO3HHKalo- 
xX pH onapHoi  KOMOHHaLMH pellenHi u;, Uz, U;, Vi, W;, W, 
Zz; (i = 1, 2) npn ycnosun f(x) = P(x)f, (x), OTMeTHM TOwbKO, 4TO CCIM 
hx) = (x — X4)—* . .(e — xn)“, (pa Qs u R; (i= 1,..., 4) mpenctas- 
MIOTCA B (pOpMe OeCKOHeYHbIX PAMOB NO runepreometpHyuecKHM (byHKUMAM 
uricella (*). Korga b=0, takue paynt oOpbiBaloTcaH Ha MX TepBoM wiexe, 
‘nlostomy, Hanpumep, I (1-+8) Ri=I (82) T (1—81) vs (y — 8) (y—x)® P(x) x 
ie — £)? Fp (Bs, B, Ri,..-,Ra, 1 +8, wo, X1,...,Xn)], (4 — %) Xi=—x—E. 


Hc 


C ~pyroH cropoupl, mpx P(x)=exp(kx), b5=0 R, Bblpaxaerca uepes 
HPJIOSHTHYIO ~runepreometpuyeckyro (byHKuHIo D,. [loqoOnpie dopmy pl 

eoOpa30BaHHA MOTyT ObITbB CBOIO OUepeb OOOOMIEHI Ha CJ1yuaH, Kora [Be 
ic Oomblee UNCNO HavaJbHbIx (byHKunH f;(x) CBA3aHbI MpPOH3BOJIbHbIM 
anepey, 3aaHHbIM COOTHOWWeHHeM. Pag pyrux oOcOmeHHH MaloT MponsBere- 
A HalJeHHBIX ofepaTopoB mpeoOpa30BaHHn. Tak, HallpHMep, 4YTOOBI 
eIIHTb UHTerpaJibHoe ypaBHeHuve (12) oTHOCHTeNbHO U(X, y, By) MOcTaTOUHO 
(popmysie (9) 3ameHuTb z(x, y, 8) BEIpaxKeHuem (10) H3 paOorsr (*), mepe- 
AMUM z(x,y, 8) B U(x, y, ®). TlogcraBaaa To xe BEIpaxkKeHne B (15), Mbr 
aKeM w(x, y, B) c u(x, y, B). 

IIpH tomouy opMy cBA3H IpH Mo_xoxamem BblOope 3HaueHui [; (x) 
jlaeTcA TakK2Ke€ BBIUMCIMTb pA UHTerpasOB CO CHelHaJbHbIMM ()yHKUMAMH. 
leupumep,ecun [1(%) =x" (Lex) 2 fo(X) = xe". (in > 0, b= |), To 
COOTBETCTBYIOULMX COOTHOWICHHAX NOABATCH BbIpaxkenua * uy = MF, (1+m, 
iH 8, k, |+m-+8, x/y, cx), ua= MOD,(1+m, 1—8,1+m-+B8B, x/y, kx), 
me Mi Cr — a) Fd + mB) = Pl — 8) Pl mya eye yi 

yacTHocTH, Korgqa k=O, uU, HM Us MpHBOAATCA K TuNepreoMeTpHyeckKHM 
yukuuam [Taycca, a upu f(x) =x"(xy—x)-*.. (%,—x)*" pemenna 
es 9, 8), u(x, y, 8) BEIpaxkatorca yepes cpyHKuun Lauricella Fp. 
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MATEMATHK 
A. P. KOCTIOUEHKO . 


OWEHKA PE30JIbBBEHT CHHIyYJISAPHbIX 
3JJIANTAYECKHX ONEPATOPOB 


(ITpedcmaeaeno axademuxom C. JI. Cobonesoim 28 XII 1959) 


B HacTosule 3aMeTKe JaloTCH OWeCHKH Pe3OJIbBeHT OJHOTO KJlacca 9JVJIMM 
‘THYCCKHX ONepaTOpOB MH C HX TIOMOM{bIO YCTaHaBJIMBalOTCA TeOPeMbI O TOU 
HOTe COOCTBEHHbIX HM NpHCOeMHeHHbIX (PyHKIWHH STHX ONepaTOpoB. 

1°. Pacemotpum onepatop L 8B mpocrpaucrBe N-MepHbIX BeKTOp-(pyHKILM 


Ls (— [)m+1 >) [Mewes (x) Ge 
ki+...tky=2m Oe axe" 


Lixng+o, © 


rhe X= (X1,..-, Xn), —0Oo< xX, < 00, k= 1,2,..., m;A*--"n(x) = MaTpuing 
: nals ) Phe 
| ais Rn )illertsd ul pelea ape pesal,. je 5) o6o0aHayeH JIMHeMHBIN §=Hdp- 


(pepeHI[HaJIbHbIM ONepaTop nopayka < 2m; Q(x)—onepaTop yMHOxKeHHA Ha 
mMatpuny Q(x). 

ByeM cuutatTb, YTO BbIIOJIHeHbI CuIeLyroulne yCJIOBUA: 

a) XapakTepncTuyeckHe KOpHH 2}; (Ss, *) MaTpHILBbI 


(— 1yet1 > Attn (x) (is,)*... (iSn)*n 
Rice ee- ey — ome 
nh 
| o|2 2 
TIpH BeWleCTBeHHBIX S HW |S|? = >) Se = 1 uM m06bIx x € Rp YLoBeTBOpsIoT 
R= 
HepaBencTBaM Rei; (s, x) < —6, roe 6>0 wu He 3aBHMCHT OT S H x. 

6) Marpuua Q(x) = || qzj (x) || aBsIMeTCA CHMMeTpH¥ecKOH M ee XapakTe- 
pucTuyeckwe KOpHH Bx, (x) TaKOBbl, uTO By (x) <— g(x), a g(x) yoOBeTBO- 
pxeT HepaBeHcTBy g(x) >c|x|* +c, npH HeKoTOpHIx c>0, «> 0. 

ky...k 

OrmeTHM, §TO eC/IM MaTpHibl A’'""(x) CHMMeTPpHUHEI, TO omepatop L 
OyeT CHJIbHO Q/JIVMTHYeCKUM. 

IIpeqnouio%HM Jlaviee, YTO 3/JIEMCHTbI MaTPHIL VEEN Eo) u Q(x) uMeroT 
2 Fes Da Ula MIpOH3BOAHBIX, MIPHYeM BCe NPOHSBOHbIe YIEMEHTOB MaTPHIL 

Siponlt 
A*-""(x) OrpaHHyeHb! BO BCeM TpocrpaHctBe Ry, a k-a mpouspoquaa 


(k) 
qij (x) 9ulemeHTa q,;(x) MaTpulbt Q(x) yqoBeTBopseT HepaBeHcTBy 


airs 
| qe (*)| Seg 2 (x), i, j=1,..., N. (1) 
ByfemM usyuatb rlaBHyl0 YacTb onepatopa L: 
in SS (= 1 m+1 pact (86 J Ee : 
i iol sie ( TR at 5 ; «) @) 


Teopema 1. Ecau onepamop (2) yOoeaemeopsem ycaosuam a) 10),.%@ 
maksce Hepasercmey (1), mo cyuecmeyem makoe 4UucAv hy > 0, amo onepamop 


De 


—hoE)* aeanemca unmeepanoHolm onepamopom, 20po Komopoeo H (x, y) 
e6nemeopsem OUeHKe 


O° H (x, y) Beer ar yt 
Ax™.. axkn Ceres ’ >; k; = k, i Oho Diih == I, (3) 
wis eee er(%) er 


cb e — mo0oe 4aucao > 0; |x—y|>1; c>0; B.—Koncmanma, saeuca- 
om ©. B okpecmnocmu mouxu x = y adpo H (x, y) umeem ocobennocmo 

HOAMEHMAAbBHO2O PeuleHUH. 

Vimerot MecTo culexytoulve Mpocrble JIeMMBI. 

Jlemma 1. Ecau g(x) >>c|x|*+c,, mo cytwecmeyem yeaoe uucao m ma- 

}, cis onepamop (Ly —) E)—™ 6ydem onepamopom muna Tuascbepma— 

udma. 


2m—k 
JliemmMa 2. Ecau | M(x)|<cg # (x) npu KeKomopom 6 > 0, mo 
ok 
(x) ar M os (Lo — gE), ky +... + kn = Rk < 2m — 1, ecmo enoane nenpe- 
| ais as 


BHOL ONepamop. 

2°. Teopema | uw MOuyyeHHbIe Ha ee OCHOBe JICEMMbI TO3BOJISIOT CeaTb 
{jroueHHe O TOJIHOTe COOCTBeHHbIX MH MpPHCOeAHHEHHBIX (byHKUMH, HCHOMb- 
k usBecTHylo Teopemy M. B. Kengpuua (+). 

PaccmMoTpyHM onepatop 


| 
| 


rh. 8 , 
ate eee Abi (0) a Lae Or) tle ety 
ky+...+k,=2m ~ 


LeIOM (POpMaIbHO cuMMeTpHUEBI. [lycth KoabbuuenTH onepatopa Ly, n0- 
HOK KOTOporo < 2m, orpaHuveHHple PyHKUMH BO BCeM Rp, 

Teopema 1’. Ecau Koagquyuenmol onepamopa Ly, oepanuuenbt 60 éecem 
pcmpancmee Ry, mo cytwecmeyem makoe 4Uucao hy, umo (L— i ,E) + ecmo 
meepanbHolli onepamop c AOpom Hy, (x, y), KomMopoe yOoeremeopsem Hepa- 
ey (Ss): 

Teopema 2. I/ycme mampuyo Aen (x) CUMMEMPUUHOL U BolNOAHEHOL 
106UA, a), 6), A 9NeMeEHMoeL MaMpuYyoL Q(x) YOoeremMeopsIOM HepaseHcmey 


0 
, Ecau OAK KOMNACKCHOBHALHOLX Koa@guyuenmoe 0; ;,,(x) onepamopa B, (x, x) 


a(ad)= Danae 


My ‘ity 
mb...pimp~=l Ox, 0X" 


L HeKomOpom 6 >O 6oINOAHeHOL Hepasencmea 


aml 
oN Set) @, MeO ln. nae (4) 
_ onepamop 
—= - piles g2m 2m—1 a 
a atari cw gota (py wee yn) OK) 
| Rit...+k_p=2m Ox; Ox" ae 


em noanyto CucmMemy COOCM6eEHHELX U NPUCOLOUHCHHOLX PYAKYUL. 
i , 
-Teopema 2 nenocpefcrBeHHO culefyer 43 Teopempr |’ uv weMM TyHKTa |. 


caMoM Jleye, onepatop L MoxXHO 3alucaTb B Bue 

; 3 2 al al ae near 

| es Reales , 

ey eo eee it Baal eee 
| Ry+... 4+k,p=2m l=0 


JUAH, r. 132, Ne 4 oo) 


ipuuem onepatop Lo, ‘papabiii 
¢ R uel , Gh 
Lo= (= | )m+1 > ASE) 0 ale Ve (ae) + Q(x), 


kit... ky_=2m 


axt...dxkn 
tl 


Gy eT CaMOCOMpAxXeHHbIM OTepaTOfOM H jit Hero BbINMOJIHEHO ycJoBHe (3) 
, 0 ' - 
KosddullweHTH xe onepatopos B, x) llo-ipexHemy OyAyT yOBJeTBOpAT 


HepaBeHcTBy (4). 
Tlepenuitiem Tenepb paBeHCTBO 


Lib 
B BHye * 
Sii—1 
ae he ee 
i=0 


B cuuly aemmbt | Hekoropas cTeneHb onepatopa Lo" ectb onepatop Tuuap 

ai 

6epta — IImuyra, a onepatop > B,Lo° BnouHe HenpeppiBupili. M3 Treopeme 
1=0 

M. B. Kengpuua u nosyuaem Tpe6yemoe yTBepxeHHe. 

3°. HamMeTuM KpaTKO JOKa3aTeJIbCTBO OCHOBHOM Teopemb! |. Bmecte c 3u 

JIMITHYeCKHM ONepaTOpoM (a) pacCMOTpHM ONepaTop napaOosMyecKHH: 


gam 


ps ees (— 1)" > PAR catalan (0) ee 
Ou te Oxkn 


ot 
kb. ER yp =2m 


— Q(x). (8 


@Pyukunio puna G(t, t,x, y) aToro onepatopa, Kak u3sBecTHO (?,*), MOK 
HO HCKaTb B BHJe 


t ee) 
GU, 1%, Y= GG ue) Se \du \ G(t, u, x —§, x)o(u, t, & y) de 


Martpuua o(t,t, x, y) YROBJETBOpHeT HHTerpasbHOMy ypaBHeHHtO 


js (oc) 
K (t, t,x — y, x) +9 (t,t, %, y) + \ \ K(f, u, ¥—§, x)o(u, t, & y) d= 0. 


Tv 


Anpo K (t,t, ¥—y, x) ompemenetca paBencTBoM 


Ks, 4-4) = 


Aoi 


r) balla a Oe 
= (a (— Dt Dao) Ga ams + 00) E(t 29, 9), 


Pyuxuua G(t,t,x—y,x) moayuaerca CJIeXyIOulMM OOpa3som. Crpoutca 


(pyHkunsa puna G(t,t, x—y,z) onepatopa L, c nocTosHHbiMn Koapunn- 
eCHTAMH HM HapaMeTpHueCcKOH TOKO 2: 


0 | fas ae 2m 
eee en tee ari Ac te) 
be sas NE 2 aw" (2) ey coer s  neAE 
Rit... by O%,1.2.04 = 
TlonoxuB alee z= x, TOAyuHM G Cb; iG ie 


* OueBHAHO, 4TO, He Orpann4nBan OOULHOCTH, MOXHO CUTAaTD Ko=0: 
0) 
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HerpyHO N0Ka3aTb, YTO TIpH NpeANOMORKEHUAX, CNeMAHHbIX OTHOCHTE/bHO 
PPHUMEHTOB ONepaTOpoB, HMewWT MeCTO HepaBeHcTBa 


ey Pe 
Cy CXp |) 1c (2) em = Ba (x) (t¢— 7) 
(¢ ae nian ? 


AG Cae ae) Fe ee 


Qn’ 


C2 | |x—y! 
* (t— q)(trem—1+e)/2m exp f C3 ee )V/(2m—1) i Byg (x) (t —t). 


G(t,1,*— y, xX 


PCb BCe KOHCTAHTbI TOJIOKUTeJIbHbI UW He 3aBHCAT HH OT Xx, HUH OT Ff, 
eee 0 8 1 / 2m 1) on = I. 

PemuB ypapHenne (5) NO MeTosy NoceMoBaTebHbIX NpHOMKeHHI, MOK- 
NOJIYYHTb OWeHKy: 


2m’ 


|x—y|* ; \ 
G (8; 0, x, y) I< an exp f c aoe ig (x) t we Mt | = 
Co | x asi, ai } 
BOP ae ree tt 
| 
l gi (x) j(m—s1)/2m y (6) 


> 0 u 6— mo6oe yucno > 0. 

IIponnterpupoBaB HepaBeHcTBo (6) no ¢ B mpemetax or 0 WO oo, Mb H 
nyuuM tTpeOyemyio onenky win H (x, y). Koneuuo, npeaBaputebHo culeqyerT 
BUHYTbCA CO CHeKTpa, ecviH HYKHO. Ilocne sToro KoucTaHta M B HepaBeH- 
3€ MOKET ObITb CleJlaHa OTPHLaTeJIbHOH WH MHTerpHpoBaHWe CTaHeT BO3MOK- 
. Ana npowusBogHEx dbyHkunn [puna napaOomayeckoro onepaTopa moly- 
OTCA aHaJIOTHYHbIe OWCHKH, H3 HUX HM CvieyeT HepaBeHcTBO (3). 

| 4°. MokHO HeCKOJIbKO paclMpuTb Klacc OMepaTopoB, VIA KOTOPbIX MMe- 
“MeCTO OLCHKH JIA Pe3OJIbBEHT, NOSBOVIAIOINLHE LelaTb 3aKJIOUeHHA O TOJIHOTe 


62m My ae 


L={ i meaccuta ( Ax2™n 
n 


+ (q (x) + ip (x). (7) 


Ones 


|| [IpeqnomoxuM, 4YTO q(x) HMeeT M NpOHSBOHbIX (/ = max {2M,,..., 2fMn}), 
HTOpble yOBJIETBOpAIOT HepaBeHCTBY 


| g(x) | <egtmm (x), q(x) Del x + cy (8) 


HeKOTOpOM a > 0. 

| p(x) | 
q (x) 
Tozda onepamop (7) umeem OuckpemHolli cnekmp u cucmema coOcmeex- 
UL NPUCOeOUHEHHOLX GYAKYUL NOANA. 

|OrMeTHM, 4TO TeopeMa O TosHOTe JIA onepatopos Hirypma—Jluysunisa 
pequnrepa NpH HeCKOJIbKO HHBIX IpeAMONO*KeHHAX Obila OKasaHa B (7,”). 


| Teo pema 3. /[Iycmo —0, ecau |x| 00, U 6oINOAKEHbL YCAODBUA 


MockOBCKHH YrocyjapcTBeHHbIM YyHHBepCHTeT Tlocrymuso 
um. M. B. Jlomonocopa 25 XII 1959 


IMTMPOBAHHAS JIATEPATYPA 


11M. B. Keagum, JAH, 77, Nel Cae 29.9. Jiepu, YMH, Bs. 8, (1940). 
i. Du meabMaun, Matem. c6opH., 88, Ne 1, 51 (1956). * B. B. JIugeckun, JAH, 
No 2 (1956). © ® Makcy jos, Vise. AH Asep6CCP, B. 6 (1958). 
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Jloxaangn Axayemun nayx CCCP 
1960. Tom 132, Ne 1 


MATEMATHK 
C. H. KPY)KKOB 


O 3AMAUE KOUIN B WEJIOM [JIS HEKOTOPbIX HEJIMHEHH bIxX 
JMOPEPEHLMAJIbHbIX YPABHEHHU MEPBOFO TOPAAKA 


({Ipedcmaeaexo axademuxom H. T. Mempceckum 28 XII 1959) 


B nactosmel 3amMeTKe paccmMaTpHBaetca 3aqaua KOulM JIA ypaBHeHHa 


e+ (ux) =0, g”(v)>a>0, (0) =9(0) =0 (1) 
B osymsocKkoctu ¢ > 0 Cc HavaJIbHbIM yCJIOBHEM 
u (0, x) = Uy (x), (2 


rye uy(x) — NpOu3BOIbHaA OrpaHHyeHHad (yHKIUMA. 

Mbr onpeesmumM OOoOuleHHOe peuleHve 3aauu (1), (2), MoKaxKem ero Cyl 
CTBOBaHHe, @HHCTBCHHOCTH, HeMpepbIBHY!O 3ABHCHMOCTb OT HavaJIbHbIX CJ 
BUli HM BbIMCHHM H€KOTOPble CBOHCTBa OOOOWeEHHBIX PelueHHH. OAHHM H3 Xapak 
TEPHbIX CBOHCTB STHX PeLWICHHH, CYULECTBEHHO OTJIM4AIOLIMM UX OT OOOOMLEHHI 
pewmenui sagagu Kouin Id KBaSHJIMHeHHbIX ypaBHeHHM MepBoro MopsAyK 
(7, *), ABJIMeTCA TO, UTO OHH HEMpepbiBHbI B MOnynocKkoctu ¢ > O pH s1106bI 
HavaJIbHbIX YCJIOBHAX. 

B kauectBe CyleqCTBHA H3yyeHHA 3aqauH Kom (1), (2) c pasppIBHbIMH Ha 
YaJIbHBIMH (YHKUHAMM Oyyer paccmoTpeHa 3afaya Kowu Aa ypaBHeHHus 


Ut + (p(v))x = 9, g’(v) >a>0, 9'(0) =0 (3 


B Clydae, KOPLa HaYaJIbHbIe YCJIOBHA MOTYT ObITb OTOHKECTBJICHbI C HEKOTOPBIM 
(by HKUMOHAaaMH. 
Ilycth L=—UL(K), rye L(K) —coBokynuocTh orpaHuveHHbIxX yHKIMH 
k 


yAOBeTBOpAONIAX ycOBuIO JIunuMla Ha BCeH NpAMO c KOHCTaHTamMa<K 
1. Cnyyat HenpepbBHOM HayadbHoH PyYHKUUN Uy (xX)EF. 
Onpengenenue |, Henpeppisnad orpanayenHad cbyHKuua u(t, x) Ha3bl 
BaeTCH OOOOULCHHbIM pemeHHeM 3afaun Komu (1), (2), ecam 
1) u(¢, x) yqoBulerBopser ycoBuio JIumuHua 10 O6eHM MepeMeHHBIM c orpa 
HMYeHHBIMH Tipu ¢ >0 KoHcTaHTamu, 2) u(t, x) yhoBserBopser ypaBHeHnw (1) 
mouTu BewoAy; 3) w(0, x) = u(x); 4) Au, /Ax<C/t. 
Teopema |. O600iu4ennoe pewenue u(t, x) sadauu Kowu (1), (2) cywe 
cmeyem u eOUHCMé6eHHO, NpuLem ; 


o 
u(t, x)= min I(s, t, x),J(9, t, x) =uy(x — tg’ (s)) + £\ te" (&) dé, (4 

—O-<0<0 e 

0 
Joka3atTesbCTBO €\MHCTBEHHOCTH HeTpyHO noy4aHTD, HMCHOJb3yA Teope 
MY €JIMHCTBEHHOCTH OOOOULEHHBIX pelleHHit 3anaun Kon JIA KBa3HJIHNHeHHBI 
ypaBHenuit (*), 3aMeTuB, ¥TO u(t, x)= Ou /Ox sBaneTca O6O6WIEHHEIM pee 
Hem 3aqaun Koi aia ypaBnenus (3) c HauaJIbHbIM ycaBHeM 0g(*) = (oe 
Jina foKasateJbeTBa cyuwecTBOBaHHA paccMOTpHM (pyHKILH10, pasiry 
inn  -f(¢,.2, x). Tyers a(t, x) —camMaa JIepan TouKa MHHHMYMa (pyHKUH 


—00<6< 00 

DSi esbn ae) pu (pHKCHpOBaHHbIX ft Hu x. Moxno noKa3aTb, uTO oF Came 
= O((x —s*(t, x))/t), rge M (v) — oOpatnaa byuKuna jas g’(v),a s,(t, x) 
(byHKUHA, paccMoTpeHHas” Bw paoTe (2), cTp. 436. Hcnom3ya HeKoropbie 
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eee (yHKiuH s, (ft, x), ykKasannple B (?), H TOT (PakT, YTO TPH u, (x) & Y(K) 


, X)|<K, nonyyaem, uto jyukuua min I(o, t,x) saBaaetca o6ob6uleH- 
—00<56<00 ; 


M pelleHveM 3ajayH Koun (1), (2) 
PaccMOTpuM cBxA3b OOOOMeHHbIX pelleHuii 3amaun (1), (2) c pemeHuamu 
mau Kowiw Jit HewMHeHHbIX NapadomMueckux ypaBHeHHh 


| Upa OU, re Wy eo) == Og sea .0, (5) 
Teopema 2. Cywecmeyem eduacmeennan oepanurennasd PyNKYUs te (t, x), 
feroujan npu t >O0 nenpepolenvie npouseodnole, exodniuue 6 ypaeHenue (5), 


juuem | Ou. /Ox|<K, yooeremsopsiowasn ypasneruto (5) u Ha4anbNomY YC- 
HBL IO 


“ ue (0, x) = u(x) EZ. | (6) 


E}\MHCTBeHHOCTb (pyHKWHH u(t, Xx) BbITeKaeT H3 TOrO, YTO PasHOCTh AByX 
KUX PYHKIUMH yLOBeTBOPAeT ypaBHeHHIO C TIPHHILHNOM MaKCHMyMa. 
HerpyHo moka3aTb cymlecTBOBaHHe peuleHua 3agqayn Kouin (5), (6) B 
Nyuae PHHATHOM HayaJbHOH (yHKWMH uy (x)EC®. Onupasch Ha sToT (paKT 
HCHOJb3yA OWeHKH Bepnwitesina 11d NpOW3SBOAHBIX pelleHHit ypaBpnenua (5), 
)2KHO OCYHIECTBHTb NOcTpoeHHe pewleHua s3ayaun (5), (6) w AA uy (x)EL. 
Cnefyroulee yTBepK JeHHe ABJIACTCA TeEOPeMOH O HEMpepbIBHOM 3aBHCHMOCTH 
menHH safayw Koum (5), (6) or HayambHEIx ycioBnli (cM. (*)). 
| Teopema 3. Iycme uy(x) u uy (x)EL(K), [Uo (*)|<M, juy(x)| <M; 
(ft, x) uw ue(t, x) —coomeemcmeyrouue petleHun sadauu (5), (6), npusem 
€y. Toeda 0an atoboe0 npamoyeoronuka R{|\x| <1, O<t<T} uy>O0 
HO yKasame makue N ud>0, ne sagucaujue om e, umo |ue(t, x) — 
ater Y 6 RK, ecau |u,(x)— u(x) 6 npu |x N. 
| SamMeTuM, TO B TeopeMax 2 H 3 He HMCNOMb30BaaCb BbINYKJOCTh (pyH- 
uu 9(v). Ecnn o(v) BbillyKsian, TO MMeeT MeCTO 
JlemMa 1. /Tycmo u, (t, x) — pewenue 3adauu (5), (6), npurem uy, (x)EL(K) 
Poveda =U np |0| SK. 1 0cda-o7u. | Ox" — Vat, 
| Teopema 4. [Tpu 0 pewenusn u,(t, x) sadauu Kowwu (5), (6) cxo- 
umCA K OOOOWeNHOMY pewlenuto sadauu Kowwu (1), (2) paeHomepxo @ atbom 
pAMOYeOAbHUKe Nnoaynaockocmu t>0, 
MoxHo TloKa3aTb, 4TO CemelicTBO {u, (¢, x)} Np ¢<¢) KOMMaKTHO B IIpo- 
pauctBe C Ha m060M TIpAMOyrowbHuke B TMoynsocKkoctu ¢ >0, npnuem, 
NM u)(x)@L(K), wMerwor mecto oneHku |Ou,/Ox|<K npn ¢t>0 un 
| 07, / Ox? |< Ky(to), |Oue /Ot| <Ko(t)) upu ¢ Set). Benegcrsve semMpi | 


9 


4 
oueHKu | Ou, /Ox|< K monyyaem, 4To e| aaa dx—>0 npue—>0 paBHomepHo 
a 
nn ¢ >> 6 > 0. Ha ocnopannu pe3yaptatosp paoor (1,°) {du,/Ox} cxogurca 
bw ¢—>0 no Hopme Ly Ha KaxXJOM IpaAMOYrOJbHuKe NoNynsocKkocm t > 0 
lorpaHuyeHHol cbyHKunH v(t, x), npuuem Au/Ax<C/t. 
Onupascb Ha 3TH CBOHCTBa TocieqoBaTesbHOcTH {U,_(t, x)} HM MCMOJb3yA 
HHCTBEHHOCTbh OOO6WeHHOrO pelleHHaA 3ayauu (1), (2), MOXHO OKa3aTb 
rBep2KeHne Teopempl 4. 
| Teopempi 06 ycroitunpoctu o606ujeHHbIX pemeuuli sayauu (1), (2) OTHO- 
TeJIbHO H3MCHCHUA HayaJbHbIX yHKUMi OyAyT UpuBeyenbl Huxe B Oowee 
SuleM Cayuae HavaJbHbIX yCJIOBMH. 
| 2.Cnayuahnpou3sB0ubHOk orpaHu4yeHHOHHAayaIbHOH PyHkK- 
H ty (X). 
Onpenesnenne 2. Orpanuuennan dbyHKua u (7, x) HaspiBaeTCA 0606- 
CHHbIM pelmeHneM 3afauH (1), (2), ecm: |) B mo60H NonynuJocKocrn 
6>0 dynkuna u(t, x) yooBnerBopser ycsosmio JIMmuuua no o6euM Ie- 
MeHHBIM C OrpaHW¥eHHbIMM KOHCTaHTaMH; 2) u(t, x) yOBMeTBOpsAeT ypaB- 


Hmo (1) noutu Bewogy; 3) lim u(t, x)=pu(x) = liminf —u)(&) (u(Qx)— 
t+ 0 x0 F€lx—v,x+7] 


| 


DKHAK PyHkuns Bapa AA uy (x)); 4) ia ipa AND et <a OE 
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Teopema 5, PyAKyun 
t(j oUt | 1(6, t, 2), Adopt, 2) = a) ee t \ Ep" (6)d& (7m 
—co<d<00 0 
o606uenHoe pewenue sadauu Kowu (1), (2) ¢ navanonou Pynkyued Uo (x) 
V3 onpenenenua cbynkunu u(t, x) BbITeKaeT CJlefyloulee yTBeprkAeHHe 
pH MOMOLLM KOTOpOrO HeTpyAHO NOKa3aTb, YTO u(t, x) YMOBNeTBOpAeT Tpe 
SOopanusm 1) u 3) OOoOuleHHOrO pelleHHs: 
JIemma 2. ITycmo |uy(x)|<M; K,(t) u K_(t)—KkopHu ypaereru 


K : 
\ &p" (€) dé = —-. Toeda u(t, x)= min file TESA lim to’ (K_ (#)) 
5 oe 


ma K-(t)<o<K+(?) 

== limpro (KG) U- 
t>0 ; 
IIpumensa cyeyytouyo JiemMy 3 Hu HcHOmD3sya Teopemy |, NoJly4aem, YT 


quia u(t, x) BHINONHeHbI TpeOoBaHHA 2) u 4) OOOOMeHHOTO pelleHHaA. 
JlemMa. 3.0 diycme i a, x)= ami Hite meees): ene, 35) 


—oo< 5 < 00 
oO 


eS rity [1 (a, x —to’ (s)) +2 \ Eo” (8) dé|. To0zda_. u% (i, X) = 1h Cee 
—co<6 <0 
0 
Jima joKa3aTesbeTBa paccMoTpuM (byHKuHIO G(s, s) = p(x —ts—as) 
(9) (s) 
+t \ Gp” (6) dé + a \ ép” (€) de npu dukcupoBaHHblx x u ¢ > 0. Herpyyn 


0 0 
BUJeTb, UTO YTBEPXKeHHe JIEMMbI SKBUBAJICHTHO paBeHcTBy min G(¢,s)= 
—0o<6,$<00 : 
D(s) 


= min G(s, <c). Ucnonpsya BbillyKocTh (byHKuHHM g(s) = \ Ep” (E) dé} 
—0o<ag< 00 
0 
MOXKHO MOKa3aTb, uTO G(c, S) >G (5, oo), FHE Go = (to + as)/i-+ a. Orcionza 
min G(c,s)>min G(s, >); HepapencTBO B Apyryfo CTOpOHy O4eBUHO. 
—M<0,S<0o —0o0<6<00 . 

Teopema 6. ITycmo {tn (x)} — neyOolsarowjaa nocaedosameAbHocms He- 
npepbleHolx ynKyull, nputem |\Un(X)|\ <M, un(x)€ ZL (Kn); un (t,x) — coom- 
eemcmeyrtoujue OO00WeNNole pewlenua sadauu (1), (2) Coenacno onpederenuto 1. 
To2da {Un (t, x)} cxodumca paeHomepHo Ha Ka2KOOM NpAMOY2OAbHUKEe 6 NOAY- 


naockocmu t>O K dyxKyuu u(t, x) =e E (x — tp’ (s)) +t (k" (3) dé, 


2de p(x) = lim uy (x). 


Mcnoubsya mpesctapienue (4) Wa yHkunit up, (t, x), MOKHO NOyUHTb 
NOTOYCUHYIO CXOAMMOCTL HeyObiBatomeH MoceqoBaTembHOCTH {tn(t, X)} K 
u(t, x). Ho Tak kak u(t, x) Hempepbipna npn ¢ >0, To {un(t, x)} cxonurca 
K u(t, X) PpaBHOMepHO B Ka%xK]OM IIpAMOyrOoJbHMKe NosynocKkoctu t > 0. 

Teopema 7. OOo6werHoe pewenue sadauu Kowu (1), (2) ¢ npous30ao- 
HOU O@PAHUYEHHOW HAYANCHOLL GYyYNKYUeli Uy (xX) EOUNCMBEHHO. 

Ilycrb u(t, x)—HekoTOpoe pellenue Aid HayanbHoh dyHKUMH Uy (x). 
V3 onpezenenuA oOoOmeHHOrO pelmlenusa u* (x) =u(a, x)€¥ (Kx) npn m060m 
a >0. Tak kak 9(v) >0, To u3 ypaBHenua (1) {u% (x)} — HeyOplBatomaa n0- 
Cie OBaTeJIbHOCT pu %—>0. OOosHauum yepes u*(t, x) OOoSuleHHOe pelte- 
Hue gaqaun Komm (1), (2) c HavanbHbIM ycnoBHem w*(x) corsdacHo onpese- 
neumio 1; BewencrBue Tteopempl | u*(t, x) =u(t+a, x). Tpumenaa x no- 
Cl€QOBaTeIbHOCTH {U* (¢, x)} Teopemy 6 uw yuntTHBad IIpH 93TOM, 4TO 
ign u* (x) = (x), wumeem u(t, x)= limu(t+a, x) = lim u (25 2) ee 


a0 a0 


=e | ly (<M) 13 i\ Eo" (6) dé| 


Htak, 1oka3aHo, YO HavasbHbIM (PyHKUMAM, HMeIOULHM OMHAKOBYIO HWK- 
10 dbyHKuMIo bapa, coorgercrByer OAHO MU TO %*e OGOSMIEHHOe perenne 
gauH Kourn (1), (2). 

Teopema 8. Iycmo py (Xx) U py (x) — AuacAue @ynkyuu Bapa das u, (x), 
a(x), |pr (xX) (<M, |ps(x)| <M; u(t, x), uy (t, x) — o606wennoie pewe- 
A sadauu Kowwu (1), (2) ¢ nauaaronolmu myHKyUuAmu CoomeemcméeHHO U; (x), 
{2). Tozda Oana stboeo npamoyeononuxka R{\x|<l, O<t<T} u ~>0 
WICHO yKasamb makoe N, umo |u,(t, x)—us(t, x)|<7 6 R, ecau | p(x) — 
ta (x) |< npu |x|<N. 

JToka3aTesIbCTBO BbITeKaeT H3 (7), CCH HCMOb30BaTb Tp 3TOM emmy 2. 
Teopema 8 NokaspipaeT, YTO pelieHHaA 3agaun Kou (1), (2) umewr Ko- 
HY!0 OOJaCTb 3a4BHCHMOCTH OT HavaJIbHbIX ycoBui. Teopema 6 ToxKe Mo- 
T pacCMaTPpHBaTbCA Kak TeOpemMa 006 ycTOHUNBOCTH OOOOMICHHbIX pellleHuli 
auu (1), (2) oTHOCHTeIbHO H3MeHEHHA HataJIbHbIX (yHKUHH. 

M3 (7) HeTpy4Ho NowyuHTb caeAyromee cBOMCTBO OOOOMIeEHHbIX pemenuit: 
Teopema 9. ITycmo u(t, x) —o606weHNnoe peweHnue sadauu (1), (2) ¢ 
HANGHOIM YCAOBUEM p(X), |Uo(xX)|<M, po = ini uy (x). Toeda u(t, x) po 

—00< x<00 
t—> oo paeHOMepHo Ha KaxKdOM ompesKe |x| <l. 

3.0 3agaue Kowu Ana KBasHauHeHHOrO ypaBHeHua (3). 

mu0600m [a, 6] paccmotpum BPOSTDAHETED Ala.) AOCOMOTHO HelpepbIBHBIX 


HKLM =¢ HOpMOHi ld |] =|d(a)|+ \ |b’ (x)|dx. IIpa nomoumy orpanayen- 


a 
NOJYHeMpepbIBHOH CHH3y CyHKUuH w(x), 3afaHHOH Ha BCeH TpsxAMOH, 
IPeeJIHM JIMHeEHHbIM HEMpepbIBHbIA (pyHKWMOHAI Ha Kak] bIM H3 IpocTpaHctTB 
b 


wo) 10 opmyse (fF, $) = —\ uae! (x) dx + uO) 90) — 4 @) O(a). 


a 
| GaMeTHM, 4TO B TeX CJyyanx, Korfa w(x) HeMpepbiBHa HH uMeeT Orpa- 
[ueHHOe H3MeHeHHe Ha [a, b], byHKuMoHan f ABsIAeTCA (PYHKWMOHAOM Tuna 
| \ 


foot ptoececc(f exp) = \ o (x) dy (x). 


| a 

| Onpenenenue 3. OOCOmMeHHHIM pemeHHeM 3afauun Kou 
Id ypaBpHeuua (3) c HaYaAbHBIM YCOBHEM Ff Ha3sbiBaeTca orpa- 
deHHad pu t>6>0 usMepumaad dynkuua v(t, x), ecmu: 1) Ana so- 


ro KyCOuHO-rlafKoro KoHTypa I B nogynsmocKkoctu t > 0 ° vdx—o(v)dt= 
b 2 


0, npwyuem \ u(0, x) dx =u(b)—p(a) (3.4); 2) Av/Ax <C/t. 


a 
| CootpeTcTByloulHe TeOpeMb! CyUeCTBOBaHHA, CMHCTBEHHOCTH TaKHX 0000- 
SHHbIX PelleHH, HX YCTOMYMBOCTb OTHOCHTeJIbHO H3MCHCHHA HadaJlbHbIXx 
|HHbIX MOXKHO TOJYYHTD UZ MpeMbiyuHxX pesybTaTOB, OMMpascb Ha 71O, 
o u(t, x) =du/Ox, rue u(t, x) — 0606uleHHOe pemieHHe 3amaun Kou (1), 
) C HavasIbHBIM YCJIOBHEM U(X) = (Xx). 
| b 


HetpyHo no0KasaTb, YTO \ v(t, x)>(x) dx —(f, >) npn t—0 qua bE Atay} 
HH MOOLIX a u OD. 
Bpipaxkato OmarogapHocTh mpod. O. A. Oueiuuk 3a MocTaHOBKy 3ayauH H 


IbUIOe BHUMAHHe K STOH paodore. 

MocKoscKuit rocyapcTBeHHbIH yHHBepCcHuTerT Tlocrynuuo 

um. M. B..JlomoHocosa 24 XII 1959 
I[MTUPOBAHHAA JIMTEPATYPA 

10. A.Onettiunuk, Yen. mate. nay, 12, B. 3 (75) (1957), OO. A. OneHuUK, 
.. Mock. matem. o6m., 5 (1956). %O. A. Onetuux, Yen. mate. nayx, 14, B. 2(86) 
159). 4A. Douglis, Comm. Pure and Appl. Math., 12, Ne 1 (1959). ° W.T. Ha- 
1HCOH, Teopua dyHkKuHi BetlecTBeHHOH NepemeHHoH, M., 1957. 


Jloxnagn AkajleMuM Hayk CccGcP 
1960. Tom 132, Ne 1 


JI. 1. HASKHUK 


(II pedcmaeaeno axademuxom C. JI. Coboaesvim 29 XII 1959) 


Sajlaua pacceHBaHHA MIOCKUX BOJH JIA ypaBHeHHA 
[a(x Eat OO, t) OGay et) = 03 (1 


re x—TOUKa TpeXMepHOro 2BKNMA0Ba WpoctrpanctBa E*; [] = A — 0? / of, 
MOxKeT ObITb NOCTaBJIeHa CJIeyIOUMM OOpasoM: TpeOyeTcA HaHTH peLieHHe 
ypapuenua (1), uMetonlee Bu. u= u(x, ft; w, pw) = efor) + v(x, £; a, f) 
re . — OpT HallpaBseHHA NOcKOH BoHE eo(%*—), a v pH |x|— oo yRoB 
jleTBOpAeT YCIOBHAM H3tyueHHA Doxa ((1), crp. 435, 2) 


v=0(—), or = O(a). igrad v| =o (r5), st ae = G2 


IIpu stom OyfemM peqnouaraTh, ITO ycOBUNA (2) BHINOMHAIOTCH PaBHOMepHO 
no £€(— oo, oo) *. 

Ecau c(x, t) ne 3aBucut ot ¢t, TO ypaBHeHue (1) pa3qemeHHeM TlepeMeH- 
HbIX CBOJHTCH K CTal\woHapHomy ypaBHenuio IIpennurepa — Au + cu = ku, 
a yCJIOBHA u3snyueHHA PoKa TpeBpallaioTcA B 9TOM CJIyuae B H3BeECTHbIe yc 
JIOBHA H3JyueHHA SomMepdesbya. Gafaua paccenBaHua Jaa ypaBHenna ILpe- 
juuHrepa Oblyia peuleHa B paOoTre (*), OOpaTHad 3ayaua u3yuasacb B pa6o- 
Tax (4-6), 

B wacTosmel 3aMeTke OyeT NOKa3aHo, YTO IIpH ONpeeeHHIX yCJOBH- 
AX THMa TlaKOCTH u yOpbliBaHHA Ha OeCKOHEYHOCTH, HaJIOKeHHbIX Ha (PyHK- 
muio C(x, t), CyWecTByeT H €AMHCTBEHHO pellieHwe 3afayH pacceHBaHuAa LA 
ypaBHenua (1). Kpome Toro, paccMoTpeH Bolpoc 0 BOCCTaHOBJIeHHU (yHK- 
wun c(x, tf) TO aHHBIM pacceuBaHua. 

Hisnaraempie pe3ybTaTbl MOXKHO TepeHectd Ha ypaBnenue [[] — m2 + 
+ ¢(x, t)]}u=0. IIpn stom BpigeneHve pacxo,auluxca BONH MpH MOMOUIH 
YCOBHH u3syyeHua Doka HAO 3aMCHHTb IPUHUMIOM MpesembHOrO Morsome- 
Hus ((*), crp. 499). B stom cnyyae paccenBaHne M0cKUX BOTH MOX%KHO Tpak- 
TOBaTb KaK PpaCCeHBaHHe Me3OHOB Ha HeCTaWMOHAPHOM CUJIOBOM IeHTpe. 

1°. Betony B jlasbHeliwiem OyeM cuuTaTb, TO c(x, f) BMecTe co BCeMH 
YaCTHBIMH IIPOH3BOLHBIMH JO BTOPOrO TOpAAKa BKJIOUMTEbHO SABJIAIOTCA He-- 
MpepbIBHBIMH ()yHKUMAMH, KOTOpple Ma2KOpupyiotca cbyHkuueli Tae 
rye © >0, a cdynkuua K(t) papHoMepHo orpanuyena pu t €(— co, oo), 

Yepes C (Q) 6ynzem o6o3HayaTbh npoctpancTBo BaHaxa HeIIPePbIBHBIX (PYHK- 
Wu Ha Q c paBHoMepHol Hopmoil. [];* 6yneT o6o3HauaTS oOpalieHue one- 


patopa [} IpH NoMoMIM sanasppBaoule cbyHkuuu puna: []; /f (Xz, .:8) = 
= 1 ( ales) as 


4x |x—s| 


* 
MoxHo 6bI0 Obl CUHTaTb, uTO ycOBUs (2) Beinomaiotcs npu t=to—|x| paBuo- 
M€PHO MO fo M3 NPpOH3BOMbHOrO KOHEUHOTO NpoMexkyTKa (a) 
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Ecau cyulectsyer pellenve 3aqaun pacceupanua u = eolx—-)4 y ana 
apHeHua (1), To [lv + cu = —ceol*—t) | Tax kak v yMoBseTBOpseT ycu0- 
AM M3JIYYeHHA, TO (+) 


v= — [yp cetor—) — 0, (3) 


HaoOopor, Bcakoe jlocraTouHo rulaKoe pellenve ypaBHenua (3) B cym- 
¢ Muicckol BomHon eo-*x—t) yaer pemieHve 3afaun pacceuBaHua. O6osna- 
A KpaTKOCTH onepaTop 


— ip 'cu = Av. 


JIemma 1. Ecau cywecmeyem u eduncmeexno pewlenue ypaenenua w= 
A-+- Aw 6 C(E*) npu aoboti npasoti uacmu h, mo cywecmeyem u edun- 
BEHHO peilleHue 3ada4U pacCeueaHUs. 

fJlokasatTeabcTsBo. EMucTBeHHocTb pelleHua 3ajauu paccenBaHug 
P]LYeT H3 €/MHCTBEHHOCTH pelleHuA ypaBHeHua w= Aw B C(E*). Tycrp 
IecTByeT pellieHHe ypaBHenuaA w=—h-+- Aw B C(E*) pu mobo npasoli 
TH Ah. Qto o3HayaeT, uTo onepatop (J — A*)~! orpanuyen. Paccmotpum 
patop D, = — d*/dt®-+ m?. Oror onepatop uMeet B C(E*) orpannuen- 


oOpaTHpli D;,’. Onepatop DnADm' = A— 20; *¢ aesigpe eV agronir 


JA-+- Bm, rye Bm —orpaHMueHHBI onepatop, KoTOpplt mpH OonDWIMx mM 
HOpMe MOX€eT OBIT CielaH CKOJIb yroqHo MawbiM. [lostomy npu Gombumx 
yulecTByet orpannuennpili onepatop (I — A* — Bm)! = [fl — (Dm ADzn') V4, 
fe. ypaBuenue 9 = f + Dn ADn'p umeet pemlenue B C(E*) npu s060i npa- 
yactu f. Ecan o603Hauuth Dn'p = w, TO w= Dp'f + Aw. Takum o6- 
OM, IIpH JOCTAaTOUHO FwaKuX CBOOOJHBIX 4WieHax A cyllecTByOT riaqKue 
eHHA ypaBHeHns w=A-+ Aw. Ecau BelOpath h = Aeolee—), To nosy- 
A, 4TO pellieHve ypaBHeHuaA (3) CyulecTByeT HM ABAeCTCH OCTaTOUHO ruaz- 
5 (pyHKinel, T. e. CyllecTByeT pellieHwe 3afauH paccenBaHus. 
Teopema |. J7pu maaoix c(x, t) (K(t)<©/3) cywecmeyem u edun- 
BEHNO pelleHue 3adauu pacceueanuA OAA YypasHenus (1). 

| loxasatebcTBO cuefyeT M3 seMMbI | UW Toro, YTO pH MaJbix 
Iz) |Al<1. : 

/2°. B 9TOM NyHKTe OyeM IipeswnosaratTb, yTO KS Type o> 0; 
| ° ag 

pe3 Le (p (x)) OyyeM o603Ha¥aTb mpoctpancTtBo [HabOepta c HopMoili 
He, #)|? = Vi (x, 2) Pp (x) dead. 


JlemMa 2. Ecau npu nHekomopom a>0 cywecmeyem u eduncmeenHo 
lenue ypaenenun w=h-+ Awe Le((1 + |x|)~}-*) npu arwboot npaeott 4a- 
uh, mo cywuecmeyem wu eOuHCMbeHHO peulenue s3adauu pacceueaHuA OAH 
HeHeHUA (1). 

TokasaTeIbcTBO STO JIEMMbI TOMHOCTbIO aHaJIOrHYHO OKa3aTeJIbCTBY 


Wlemma 3. J7pue¢>1/,+14/,a onepamop A 6noaHe Henpepblendii 6 
Ki + |x). 
JleiicTBuTebHO, paccMoTpum onepatop A: f(x, t) = A \ ra 
—s|)f(s,¢—|x—s|)ds npn €>0, Ay) = A. Moxuo serko foKasatb, 
| oneparop Az upu &>>0 orpannuennpt B L.((1-+|x|)~t*) m | Ag — 
Mo || 0 mpu &—+0. Oneparop Az upu €>0 BnowNe HenpeppiBHbIH B: 
1+|x|)-1-¢). [Ina sroro gocraTouHo noKasaTb, TO onepaTop Az’f = 
e—§|x—s| Wee 
\ els, fo |4— S) (lt is) Seah (s..b— 
\ppIBHBIi =B L,(E4). Ho yxutapHo 9KBMBaseHTHbIH onepaTop le= 
VA-U-t, rye U—mnpeodpasopanne ypre, umeer Bu (T ¢)(p)= 
AA 


eolx—sl 


€(s, t 


x — s|) ds BrlonHe He- 


a 


= (Tee) (p, Po) = ee \ b(p—q)¢(q)daq (6 (p) — MpeodpasoBanne 


— if)? e 

@Myppe c(x, ft) (1+ |x |) Vetted HW TloslHasd HenpepbIBHOCTh oMmepaTopa T'~ po; 
BepdeTcA aHaslorMyHo slemMe 2 paGoTs! (*). CieqoBaTesbHO, BIONHe Hep 
pbiBablit H Az, a sHauHT u oOMepatop Az mpu §>0. Tak kak | Az — Ay || > 
pu €—>0, ro u onepatop Ay = A BrovHe HempepbIBHbIH. 

Jiemma 4. Ecau e>4.+4/.4, mo ypaeneHue W= Aw 
Lo((1 +|x|)-*-*) umeem moaoko mpusuaaoHoe pewenue W = Q. 

B caMoM jlese, yCTb HMeeTCA HeTPHBHaJIbHOe pellieHHe ypaBHeEHHA w 
— Aw. OGo3HauuM ero Wy. Paccmorpum onepatop A Ha (PYHKUMAX M3 TOM 
mpoctpancrna t<T. TIpu nocratouno orpuuatenpupix T || Al| <1, mu no 
3TOMY Wo =O npu taxux ¢t. Iycrs T)— HanOombuiee unCNO, AIA KoTOpore 
Wy) =0 upu t<T . OnenuBas paBeHCTBO W) = AW, noJy4uaeM 


\ | @o(x, 4)? (1 + [xy edx di < 


t<T +A 


<r \ ante, )P C+ 
t<T i +A 

Ecau A — goctaTouHoO Mamoe 4HCIO, TO @ =O npu t<7T)+ A. STo mpo 
TuBOpeynT BbIOoOpy To. 
V3 o6mei teopun ypaBHeHHu B TpocTpaHcTBax Banaxa nu weMM 2, 3 u 4 

iC Ne LYeT 
Teopema 2. II[pu 2>/. cywecmeyem u eduncmeenHO pewenue 3ada 
“u pacceueaHusn OAR ypaeHenus (1). 
3°. MoxHO JerKO OKa3aTb, YTO pelleHHe 3afaun pacceHBaHHA MMeeT Ce 
qlyroumit acummToTuueckui Bu pu |x|— oo: : 


Sma ore 


x 


, t— : 
CX seb =O yth) en, Cnet elle Scot tts Oe) +o ( : ie 
| x | | x | 

rye ¥— Op? HallpaBslenua BeKTopa x; p(t, Vv; @, ) — paBHOMepHO orpaHHueH 
Hana (PyHKUMA CBOHX apryMeHTOB. 
Tlepexoqa K npeoOpasopannto Pypbe (byHKUHH p TO NepBOoMY apryMenry, 

nlowlyuaeM 
ei v(lx|—t) 


{ 
F (y, v; ©, 2) dy + o( — | ¢ 


(Xa thoes Gy. Ve) =e ON ee \ ey 


| x | 


Toe F(y,¥; ©, @), Kak mpeoOpasopanve Pypbe orpaHuyeHHo cbyHKWMN, AB: 
ev(|x|—t 
we ) PF (1; 
o, ») dy ws00paxKaeT CyMMy pacxoamuxca ccbepHuecKux BOTH pasmHyHOH ua: 
croTpl. Ecam dyHkuus c(x, t) yoBeTBopseT ycoBuaM NyHKtTa 2°, to 97¢ 
cymMMa Oyler HelipepbiBHoli. B cranMoHapHom cayyae, Korga F (ry, v; ©, p) = 
= oy = OT, @, ¥), paccCMaTpuBaeMbi MHTerpasl cBeweTCA K OJHOMY cuIa- 


Zw({x|— 


raeMOMy mae [(v, ©, &), THe f(y, ©, ») — OObl4Had aMnuINTyfa paccenBa: 


Husa. DyHKunto F (7, v; , 4), MO aHawlOrHH CO CTAallMOHapHbIM Culyyaem, Oy 
JCM Ha3bIBaTb aMIWIMTYOM paccesHHa. 
Ucnombsya MeroquKky pador (*,°), paccmoTpuM Bompoc o BoccTaHOBJeHUE 
<PyHKWMH c(x, t) nO amMpuwuTyye paccenpanua. 
Teopema 3. Ilo amnaumyde pacceueanua F (x, v; ©, 2) OOHO3HAYHO 60C- 
cmanaésaueaemca npeodpasosanue Py poe dynkyuu c(x, t) He Ceemob0z0 KONY- 


ca p> — pp>>0. pu smom (p? — p?>0). 


JideTCA OOCOMeEHHONH (pyHKWMeH THNa Mepbl, H NOsSTOMY \ 


i, = 4 _ 
G(), Po) == ax \els, t) ef (p-x+pt) dx dt = ae lim F (@ + po, v3 @, 1h). 
@—>00 
ou—(@+po¥=p 


JloxasatembersBo. Ha ocnopanun semmpi | (*) (HH semMpr 1.3 (5)) 
: ; Al 
KHO MOKa3aTb, YTO NpH OombWAX © V= Aetolerr—t) + o(—). CreqoBa- 
/ 
bHO, 


: = ay —fy(v-x—t Lo(uex—t pe — 
Fy, 95 @y 7 \e We Hee Leo dx dt +0(—) = 


= le 
~ dre 


\ c (x, t) ef(r-x+pot) dx dt + O (=) ‘ 


Po ={—, p= op— yy. Tlepexoqa kK npefqeny npu w-—>oo, Moyyaem 
Hyl0 (opMyJly BOCCTaHOpJIeHHA. 

B saksroueHHe aBTOp BbIpaxKaer ruyOoKy!o OuarogapHocip, IO. M. Bepe- 
CKOMY, MO PYKOBOACTBOM KOTOPOrO BHINOTHeHa 3Ta padoTa. 


Mucruty?T MaTemMaTHki Ilocrynuso 
Axkajemun Hayk YCCP 25 XII 1959 
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Jlokxayn Axagemuu nayk CCCP 
14960. Tom 132, Ne 1 


MATEMATHKA 


JI. B. OBCAHHHKOB 


OB OTbICKAHHHM FPYNMbI JIMHEMHOrO 
JMU®SEPEHUMAJIbBHOrO YPABHEHHA BTOPOTO MOPAAKA 


(IT pedcmaeaeno axademuxom H. H. Bexya 28 XII 1959) 


B nactosule pa6oTe MbI COOOLLaeM O HEKOTOPHIX Pe3yJIbTAaTaX, CBASAHHbD 
c 3aqauel OTHICKaHHA TpyNNbl MpecOpas0BaHHi, COXPaHAIOWLAX 3aaHHOe JI 
Helinoe udbepenuvasbHoe ypaBHeHHe C YaCTHBIMH TIPOH3BOAHbIMH BTOPOT’ 
NOpsAyKa Ip s060M wHCTe Nn HeE3aBHCHMbIX NepeMeHHbIX (n > 1). Tlocae BEE 
BOa OMPeNeAIOMNMX YPaBHeHHli HHHHUTe3MMAJIbHbIX NpeoOpasoBaHnlt Mb 
yCTaHaBJIMBaeM HHBapHaHTHY!O (OPMY STHX YPaBHEHHH, COMepxKallly!O TOJIbK( 
ACCOILHHPOBaHHble C JaHHbIM ypaBHEHHeEM PHMAHOBO IIPOCTpaHCTBO, BEKTOP STOF 
MpOcTpaHcTBa WH HHBapvaHT. OKOHYATeIbHOe pellieHHe 3aaun elle HE MOyGe 
HO; Mbl IIPHBOAHM 3]eCb TOJIbKO HEKOTOPHIe COMME (aKTHI. 

OrmeTuM, ¥TO MepBOHavaIbHaA OOULad NMOCTaHOBKa TaKHX 3aay — 3aja 
rpynmnoBoH KJaccudukaluH cHcTeMm JuddepeHLnabublX ypaBHeHHH — pH 
HaqexuT C. JIn (‘). B uacruoctu, uM Opluia NosyueHa KaccHPukalusA JIHHeH 
HbIX YpaBHeHHH BTOPOro NopsAKa WA clyyad n = 2, papa, B HEHHBapHaHT 
HOH (opMe. OTa NOCTaHOBKAa OTJIHMUHA OT TOH, KOTOPaA HEMABHO TipeqoOxweHa B Pa 
6ote HM. M. Tenpcanya (7), re HCKOMbIMM ABJIAIOTCA YpaBHeHHA, AOMycKato 
uve 3aaHHylo rpynny. 


l. Wyeth w= u(x #7, 22.508"); Up SOW Ok i =O) 00 a oe 
OOo3sHaveHHA =I «= CHCTEM)=s 8HAUCHHHM =BeEJIMUHH, YKa3aHHbIX B CKOOKaX 
i a 2 7) es 
X= (X07, 11, B*), US (%, U), P=(U, Uy, Ue,-o+s Un), G = (Py Uae te ae 

PaccmoTpuM ypaBHeHue 


F(q) S@u;;-- bu; cu = 0 (@ sa"), (1 


rye a, b', c—3ajjanuble aHaMTHueckue (byHKIMM OT x, TpHyem ucnouD: 
3yeTCaA (KaK H HMxKe) TEH3OPHOe NpaBHJIO 3anucu CyMMbI 10 NOBTOpsIOMeMycA 


WHJeKcy (BCe HHJeKCbl IPHHNMaloT 3HayeHHA 1, 2,..., 7). 
Sayaua CTaBHTCA Tak: HaliTH BCe NpeocOpasoBanusa Bua 
, 4 
| i (Pp), ( 


NpuHaWle*KallMe HEKOTOPbIM OAHONapaMeTpuyeckuM rpynnam JIM u coxpansro: 
ulve ypaBHenne (1) B ToM cMbicne, uro F(q’) =0 Benknit pas, Kak F (q) = 0 

OTH Wpec6pasoBanuA NopoxAaoT OKanbHyo rpyuny Jin (?) mpeo6pa3o- 
BaHHH, OOo3Ha¥aemy!0 faee Gr. IIpu 9TOM roBopsaT, uTO ypaBHeHue (1) a6 
nyCkKaetT mpeoOpasopanna (2) uM, CcoorBercTBeHHO, rpynny Gp. 

SametuM, uTO Gr Bcerfa coxepxKUT Tpec6pas0BaHUA, OTAMUABIEC OT TOX: 
iecTBeHHoro. Takumi lpeoOpa3s0BaHHaMH ABJIAIOTCA 


x =x, t= anu, (3) 


rye %—NPOWSBONbHbIN TlapaMeTp, a Uo(x)— m060e duKcupoRaHHoe pe 
iene ypaBHeHua (1). MyoxectBo Bcex npeodpa30BaHnit Bula (3) camo aB 
AAeTCH TpyNMOH, CeqOBaTeNbHO, HoArpynno# rpynnbt Gr. Sty nogrpynny 
MbI O6o3HauNM JT. 
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2, OgnonapamMerpuyeckad rpynna mpeoOpa3oBannit Bua (2) BrlomHe xa- 
TePH3yeTCH CBOHM HHPHHHTE3HMaJIbHbIM ONepaTOpoM 


Y=8(—) 2+ aS +60) e, (4) 


fOPblIH MOXHO MpOOJKHTb Ha BTOPble NPOH3BOJHbIe u;; HM MOJIYYHTb One- 
Op, HeEHCTBYIOWMH Ha (yHKUHU OT g: 
oe ~ 0 i) 
Yo a8 St $0 4 0 (5) 
Ox ul, Ou...” 
e] 
M 3TOM BeJIHUHHbI C; H @,; BbIUHCAIOTCA TIO H3BeCTHbIM opMy.JaM Ipo- 
LOKCHHA 
& = Di(q)—ujD; (8), 7 = De (6)) — 4 Di), (6) 


Audpepeninaybyple onepaynn D; onpeyzenenbi cbopmys0n 


) (6) ’ 
p= ~-+ U; 1 Uj; Paseo ta 8 ony. ve 
ag ore tas eM (7) 


B tepMuHax olepatopa (4) mocTraBieHHad 3afaua (bopMysiMpyercs Tak: 


i Bce olepaToppl Y takue, uro YF (q) =O sceaKn pa3, kak F(qg)=0. 
Ooyee NOAPOOHOKH 3alucH STO yCJIOBMe HHBapWaHTHOCTH UMeeT BH] 


z 4 See ab! dc 
Boy ten ee wpe sg he eg a ferent 0. (8) 


|CoracHo locTaHopke 3aJjauH BeJIMYHHDI C; He JO/KHbI 3aBHCeTb OT U;;. 
S9TOMY COBOKYIIHOCTb CylaraeMbIX B BbIpaxKeHHAX gaa C; no cdopmy.am (6), 
, conepKaulnx U;;, WOJUKHa OOpallaTbcA B HYJb pH ycnoBun F(q)=0. 
IIpu n> 1 umeer mecrto: 

JIemma |. J[aa moeo «mobol eeauuunol ©; He 3a6euceau om Uu;; NpUu 
q) = 0, NeoOdxodumo UuU Oocmamo4nO CYytUeCMBoeanUe PYHKYUU ~ = (Pp) ma- 


13. Ypapuenue F’ (q’) = O6yzemunasbinatb 9KBUBAJCHTHDIM ypaBHeHHio 
ecIM OHO Tloulyyaetca u3 (1) B pesybTaTe 3aMeHbI TIepeMeHHbIX (TO- 
HOBKH) Bua 


vax (x), u(x) =o (xu! (x) (10) 


rocsemyromero jenueHHa Ha (x). Ecun B (10) x’ = x, To coorperctByroulee 
apHeHHe Ff’ (q’)=0 Ha30BeM 9KBUBAJCHTHBIM 10 PYHKILHH ypas- 
ie (1). 


miny Gr. hese 3ayaua OTbICKaHHA Gp paBHOCHJIbHa 3ajlaye OTbICKa- 
| JHOOOH Gu 

Jlemma 2. Kpome cayuan, Koeda (1) aKkeueaneNMHO YpaeHeHUtO Uy, = 0, 
KYUUA © (P) AUHEUHA NO NEPEMEHHOIM U, Uy, Ug,..., Un. 

B jasbueiiuem cayuait y paBHenna lly, — 0 Mbl OCTaBHM B cTopoHe, Torga 
iemMb! 2, B cumy (9), cnemyer, ¥To & = & (x) (i= 1,2,..., n), y= 9(xX)u+ 
(x). Hlostomy mpeo6pasoBannsa Gr MoryT ObITb NpescraBJieHbl Kak Iipe- 
a30BaHHA Bua v’ =f (v). Kpome Toro, Kak NoKasbiBaeT Oosee MOLpOGHOe 
cmMorpeHue, (pyHKiMsa t(x) WOJDKHa ObITh pewieHveM ypaBHeHua (1). Orcio- 
B COUCTAHHH C AaHasIMTHYCCKHM TIPU3HaKOM HOpMaJIbHOrO JeuMTeA (*), 
eK aeT 


Jlemma 3. Ilodepynna T ecme Hopmaaonolti Oeaumeao 6 Gr. 11 peobdpas0 
eanus dakmop-epynnoe Gr /T xapakmepusytomcn UN@UHUMe3SUMANHOLML One 
pamopamu euda 

t 0 0 4 
SS ey) eas (4) ee (I 
© ear ie 
20e o(x) onpedereHa C mouHOCMo1O OO NOCMOAHHOZO CAAeAeMOeO. ) 

B cuny nemm 2 u 3 u dopmya (6), (7), (9) ycnoBne (8), eBat YacTb KO 
TOpOrO OKa3bIBaeTCA JIMHeHHOH YHKUMeH OT BeNHYMH U;;, «pacllelNACTCHAY. 
H TOpoxjlaeT CueLyIOUlyIo CHCTeMy ypaBHeHHH: 


ff i tl. 3 is 
ait St an eer | (iz i his DENY, n); (15 
Org! , OF ab’ 
2aik a =O Sat : =e a a k ge a pb! (i == ie 2 . ’ n); (1 
0s . Os Oc ;-; 
Sera ee l 
Ox! ax! ox! axé Pes ( 


re p = u(x) — BcnomoraTeJIbHaAd CyHKUMA, Nogwexalllad WCKJIOUeCHHIO HS 
sToH cucteMpl. YpaBHenun (12)—(14) sBaatotca ON peeNAWWUNMSA 
ypaBHeCHU AMM HHPMHUTeESHMaIbHDIX NpeocOpasoBanuk rpynubl Gr/T. IIpy 
MOMOWLK STHX YpaBHeHHH JIerKO OKasbiBaeTCA cyenyoluan Teopema (oOpat 
‘Hand K KOTOPOH TPuBHaJIbHa): 

Teopema 1. Ecau ypaeHenue (1) Oonyckaem xoma 661 OOUN (He HY Ae: 
6olt) onepamop (11), mo oxo aKeueaneHMAO YpaeHenuto, BCe KOIdGGuuUeNmel 
KOMOpoeo He 3aeucAm om COHOLL U3 KOOPOUKAaM. . 

4. B janbHeliueM Mbl OFpaHHYHMCA TpewqNoso*wKeHHeEM, UTO OOULMH paHP 
Matpuupl ||a/ || paBeH n. Torga, 3aMeTHB, UTO IipH 3aMeHe He3aBHCHMbIX 
nlepeMeHHbIx (10) koadduineHTh a’! peoOpa3syloTcA KaK KOMIOHeHTbI KOHTp 
BapHaHTHOrO TeH30pa, Mbl MO2XKEM BBeCTH B PpaCCMOTPeHHe KOBapHaHTHBIe 


KOMIIOHEHTbI STOTO TeH380Pa Gj; (a,;alt = 6;). Tem caMbim c ypaBHeHuem (1) 
accOWHuUpyeTCHA puMaHoBO TpoctpaucTBo V, c tyHaMesTasbHon cbopMor 
a;jdx‘dx!, Mbt nepeiyeM K OTbICKaHHIO HHBapHaHTHOH MO OTHOUWIeHHO K V, 
(POPMbI ONpeeAIOMMX ypaBHeHuH (12) — (14). 

Tak Kak ypasHenua (12) ipeactaBnatoT coOoH He UTO MHOe, Kak ONpeye 
JIAIOULAX ypaBHeHHA KOH(OPMHBIX NpeocdpasoBanul V, (°), TO mpezbiqyumue 
pacCMOTPeHHA IIPHBOAAT K cueyIOWleH Teopeme. 

Teopema 2. [pynna Gr /T HeeoipoocdennHoeo ypaeHenusn (1) ecmb nod: 
epynna epynnol KOA@OpMHOLX Npecdpas06aHUll ACCOUUUPOBANHOO C IMUM Ypae 
HeHuemM PUuMaHOeA NpocmpaHcmea Vy. 

Orciofa cleqyeT, B YaCTHOCTH, TO UpH n> 2 rpynna Gr/T umeer mo 
pxnoK He Oosee (n+ 1)(n + 2)/2. 

Kosddunnertb b’ ypaBHenua (1) He ABsIAIOTCH KOMNOHeHTaMH BeKTOpA 
OyHakoO JerKO IPpOBepHTb, UTO BeEHUMHDI 


AZ GHP OES a enon), (15) 


rye I; —cumBosbt Kpueropdens Broporo pola, BbINHCNeHHbIe WIA accomnu 
popaHHoro V,, yxke OOpa3yl0OT KOHTpaBapHaHTHbIt BeKTOP. 

Ypapyenusa (13) MoxHO paccMaTpHBaTb KaK ypaBHeHHA, CJyKaulMe WA 
onpeyzeeHua cbyHKuMU s(x). Ecam pH NOMOLLM KOBapMaHTHbIX KOMIMOHEHT Q; 
BeKTOpa a’ OOpa3s0BaTb KOCOCHMMeTpHUecKkHHh TeH30p K;; = a;,;—aj;,; (3ana 
TOH OOO3HAUAIOTCA KOBaPHAHTHbIC MPOM3BORHbIC OTHOCHTeEbHO TeH3Opa Q;;), 
TO YCJIOBHAM MHTerpupyeMocTH ypaBHeHui (13) MoxKHO NpuAaTb culemyiouln 
MHBapHaHTHbIlt BHI: 


(Kak) =P; (i, = (16) 
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YY papHenne (14) NOCpeACTBOM HCKJNOYeHHA 9 Tip Tomo (13) MpHBogAnTcst 
jeyroueH MHBApHaHTHOH copme: 


He + uv =O, (17) 
Hf — wuBapuaHt, onpeyennempiii cbopmy soit 
i Ls n— 2 = 
lal = Ne ay Pope o cay (18), 


fem RK — ckaJlApHad KpHBH3Ha accolMMpoBaHHoro Vp. 

AHAIMTHYeCKad Ipupoga Benuunn K;; u H BpiscHaercH cneqyiomuM mpel- 
<eHHEM: 

emMa 4. J[1ad moezo umo6olt Osa ypaeHenusn euda(1) Cc oduHaKoeoLmu Vp, 
SKBUBANEHMALL NO MyHAKuUUU, NEOOXOOUMO UU Oocmamo4Ho, umoboL Jamu 
HeNUA UMeAU OOUNAKOBLIE meHsop K;; u uneapuanm H. 

YakuM oOpa30M, HaOop BetnunH K,j u H saBaserca O606meHMeM MHBapH- 
pB Jlanmaca, u3BeCTHbIX QA cyuad n= 2 (8), 

Ecam cuntatb, 470 rpyuma KOHopMHbIxX mpeobpasoBaHult V, aABaseTca 
H3yYYCHHbIM OObEKTOM, TO Jlamee BO3HHKaeT TMpo6sema ucculeqoBaHuA 
AHHYeCHHH YTeOMeTPHYeCKOTO HH TpyNnvOBOro xXapaktTepa, Hak JaAbIBaeMbIx 
rpyuny G-/T jononautenbHbiMu ycnoBusmn (16) u (17). ’ 
IBaxkHoe cBolictBo H jaeTca ciezyrourei memMMol: 

Iemma 5./I[ pu nepexode om ypaenenua (1) Kk ypaenenuto g(x) F (q)=0 
puanm H ymuHoocaemca na g(x). 

O CBOHCTBO NoKa3bIBaeT, YTO HEOOXOMMO pasamuatTh cayyan H=0 4 
=0. Mp pacemorpum 3yecb TombKO TlocemHHil. 

Ecam H=£0, To, B cuny nemmpr 5, 6e3 orpaHHYeHHA OOMWLHOCTH MOX%KHO- 
arb 7 = 1. Torga us (17) cnenyer » =O, vem fOKa3aHa cueqyiomlaa 
NeMa. 

Teopema 3, Ecau H=£0, mo Gpr/T ecme nodepynna epynnot deuse- 
HEKOMOPOeO PUMAHOBA Npocmpancmea, KONGOpMHO2O accoYyUU poeaHHomy Vn. 
B xKauecTBe 4acTHOTO CyIeACTBUA OTCIOJa NosyuaeM, YTO pH n> 2 nops- 
rpymnpt Gp /T ypapHenua, y Kkotoporo H=-0, He mNpeBocxoyuT 
Be 1) /2. 

IlpeactapnseT uHTepec Bollpoc O TOM, B KaKMX CJlyyadx rpynna Gre /T 
KeT HMe€Tb M@KCHM@JIbHbIt BO3MOXKHbIM NOpATOK. YCOBHMCA BOOOIIe Hasbl- 
cTaHwapTHOoH opmow ypaspuenua (1), onyckatouero Gr /T c 
HbIMH CBOHCTBaMH, IIpocTeilityio 43 BO3MO%*KHbIX (POpM 9sTOTO ypaBHeHHA, 
uaeMbIX TlepeXONOM K 9KBMBaJICHTHOMY HM YMHOXKeCHHEM Ha HeKOTOpbII 
XKUTE Jb. 


Ps nopaAyKa, TO Vn, ACCOMMMPOBaHHOe Cc ypaBuennem (1 /H)F (gy = 0; 
eT NOCTOAHHY!O KpuBusHy Ko (°). Orctoqa mocsie HeKOTOPHIX BbIUHCeHHH 


eopema 4. [Tpu n>2 cmandapmuoti dopmoti ypaeHenus (1), Oony- 
owezco Gr /T nopadKxa n(n+-1)/2, seanemca auoo (Ko = 0) 


Ape c=: 
(Ko #9) ee 
: Au eee oe pp = 0, 
A —onepamop Jlanaaca, r? = aan (Gc 2 eee ix) 
HCTHTYT THApOAHHAaMHKH TocrynHao 
CuOupcKoro OTAeleHHA 23 XII 1959 


Axayemuu Hayk CCCP, 
ILMTHPOBAHHAS JIATEPATY VPA 


ltl Gy Aten a Mat Oo kis oO (doollee nM. Te bap a Hon, JAH, 70, No 1 
). 3J1..C.Moutpsarun, Henpeppupe rpynns, M., 1954. * H. IT. Ye 6o- 
eB, Teopua rpynn Jin, M.— JI. 1949. ORIG Vee Bec A MR Re Sic TE Pumanopa 
etpus, WJI, 1948. *G. Darboux, Lecons sur la théorie générale des surfaces,. 
, 1889. 
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Jloksagn Akagemuu nayxk CCCP 
1960. Tom 132, Nb 4 


HW. B. OCTPOBCKHH 


O CBA3H POCTA MEPOMOP®HOU ®YHKUHH 
C PACMPEXEJIEHHEM EE 3HAYEHHHM TO APTYMEHTAM 


(IIpedcmaereno axademuxom C. H. Bepxwmetinom 28 XII 1959) 


Ucenenopanuamu Bb. A. Jlepuna nu A. IIdsmorepa (OCHOBHbIe pe3yJIbTAaTbl 
a TaKKe CCbIIKH Ha OpHTHHaJibHbie padoTbi cM. (*)) OblIo ycTaHOBJeHO, UTC 
OUpeevleHHble TpeOOBaHHA PeryJIAPHOCTH, HaJIOXKeHHbIe Ha MODY JM HJ 
weno (byHKILMH, BuleKyT 3a CoOoH peryiapHocTb ee pocta. Ilenb Hactosmtel 
3aMeTKH — ll0Ka3aTb, UTO OMpeseJIeHHbIe OPPAaHHYeHHA, HaJIOXKeHHbIe TOJIDK( 
Ha apryMeHTH HYJeH H CLHHHL WeJOH (PPyHKILHH, BJIeEKYT 3a COOOH NOBOMbH 
CHJIbHYIO perysapHocTb ee pocta *. Mbr 3fecb MoKaxKeM, 4TO 3TH pesyvib 
TaTbI NepeHOCATCA H Ha MepoMop(pHble (PPyHKUHH, 

1°. Bynem rpuyepxuBaTpea cJlemyioulux o6o3Hayenuh: f (z) — pyHkuna 
MepoMop(pHax BO BCeH KOHeYHOM MylocKocTH; a MH B— u4ncJla, yLOBJeTBOpAO 


lve HepaBeHcTBy 0O<Ka<BC2r, y=B—«; {a ;}j—4 — 4HCJIa, YLOBJIeETBO 
pxioulwe HepapeHcTBy Oa, << ...<a4,< 2m; (R)—cwucTema syuel 
are 2 = Oy; 7 = Oy4y — Op (Opp = Gy 20) 90 Sin yO max ee Cy 
: 1<j<n I<j<n 
BeJIHUHHA, OCTAIOULaAcA OFpaHHueHHOH pH fr—>oo; {ap}—novtochl, {b;} 


HYJIH, {Cm} —eCHHUUbI (yHKWHH f(z), JexKauyMe BHe Kpyra |z|< 1, paccmarT 
pHBaemble c yyeToM KpaTHocTH; Aag(r,f), Bag(r, f), Cap(r, f), Sas (fr, f) 
= Agg(r, f) + Bap (r, f) + Cag (r, f)— BestHunHb! (Bclony r > 1), BBeeHHbI 
Hepanvinnua ** (*), xapakTepH3yloulve pacipenesienve 3HayeHnit (pyHKunnH f (2) 
B yrie a <argz< 8. Hanomaum, uto BemnunHa Cyg(r,f) xapakTepu3yel 
paclipeqeeHHe nouocos f (Z) B STOM yrvle, CyDIeCTBeHHbIM OOpa3soM Y4UTHIBAs 
MX apryMeutsl. B uactTHocTH, cooTHomeHHe C,,(r, f) = O(1) skBuBaseHTH 
CXOJHMOCTH psija 


<) A — ; 
D4 [sin = (Pp — x)| tv (@p— Ther"). 
LSP p<B 


Mp OydeM HCHOb30BaTb CUeLyIOUMe pesyJIbTaThl. 
CO 


Teopema A. Ecau dynkyua f (z) yOoeraemeopaem ycaoeuto olga Be ecu) 
we Se dr : : 
Sie r<oo, mo Oas ato60e0 KoNeuHOo2o Habopa q > 3 pasauunolx KOM 


naeKcHolx aucea a, a, ...,a% us paciuupexHot naocKocmu umeem mecmo 
coomnHoulenue *** 


(q—2) Sag(r, f)< Dd) Coa (7, (f —a) Oly. 


_* OvmeruM, 470 Ou1M3kKoe K 9TOMY Kau¥eCTBeHHOe BbICKa3bIBaHHe CchopmyHpoBaHo B pa 
Gote A. A. TonpaGepra (?). : 
ae SBSH nee 9THX BeJMYMH MOXKHO HaHTH TakxKe B (9), 
*#® TIg ; a =. Gai 
onpegewenHto, NpH a= oo Cy. (r,(f —a)-}) = Cig (rf). 
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eopema B. Ecau Son(r, f) =O(1), mo cywecmeyem Koneunoitl npeder 


Tu 


limr In| f (re) |sin 9.a9 u umeem mecmo npedcmaereHue 


T—0O0 


co 


1 rsine In| f(t) | 2, ‘ 
ee \ Poe | = rsing + 


=H) 
5! zZ— ap 2— by 
shes ale 2a, VO in = (2:=)re'*) (1) 
Im ap >0 Im 6; >0 


- 


Teopempt A u B mnpnnajexat Hesansunua (*), kotTopplit B Teopeme A 

ANoarasl BMeCTO Halllero yCJIOBHA KOHeUHOCTh NopsAKa f(z). Jina Toro 

bl NOTYYMTh pesyJbTaT B C(POpMyIMpOBaHHOM HaMH Bue, HYXXHO BOCIIOJIb- 
2r 


|aThCA OWEHKOH Aag(r, f/f 4) = o(\ ee res dr) : 


L 
Ilycrb ynkuna u(r, ¢) onpegenena uph lmr<w, a<g<f. Ecam 
HO yKa3aTb MHOxKecTBO E C[1, co) KoHeuHOH sorapudMuyecKOH DHHbI 
e. \ ala 00) Takoe, uTo limu(r, 6) =A(¢) cyulecTByer paBHOMepHO 


e r->00 


r@CE 
~,%< <8, TO yCJIOBHMCA TOBOpHTb, YTO pu a <op<B cymecrByer 


(2) Kk} 

u(r, 9) = A(¢). 

Teopema B. Ecau dyxaxyua f(z) npedcmasuma 6 eude (1), mo npu 
e< cywecmeyem lim” r In| f (re?) | = 2nx sino. 

t—>co 

(OTa TeopeMa ABJAeTCH MpOCTbIM CJIeCTBHeM pesybTaTa Xelimauna (4), 
eTHM, uTo Teopembl 6 wu B serKo o60OmjaioTcCA Ha cuyYal yraa mpons- 
bHOrO pacTBopa. 
Teopemal. Ecau dyxkyuan f(z) yooeremeopsem ycaceunm: 
a) no meHoweli mepe Onn OByx eee SHAYENULL A U3 PACU PeHHOti 


pesocmu u HeKOMOpoll Cucmemol ayuett ( a) > Ca jazi, (1, (f —@) *)=O(1); 


=I 
6) OAA HEKOMOPOZ2O 3HAYEHUA Q, omauunoeo om mex, Komopole qdbueypu- 


Mm 6 YCAOBUU a), NOAOHUMECABHA BEAULUHA 


m (r, a) 
T (r, #) 


AGG) aes aa 
CBEK p00 
rEe® 


leco uepes K o603Na4eH KAACC MHOoKeCMe, NEOCALUX HA noaow#cUmMeAoNOL 
AYOCU, C Bepxnett NAOMHOCMo1*, mMenoluett 1), 

pocm f(z) ne eouue nopsdKka r+ u KHOpMaAoHoe2o muna. 

oe TeOPeMA ABJIACTCA UACTHbIM CJIY4aeM OCHOBHOTO pesyJIbTaTa 3aMeTKH (°). 


99 M3 conocrapsenuax tTeopem A, B u B HenocpeycTBeHHO BbITeKaeT 
myroulas: 
pee 1. Ecau gynxuyusn f (Z) yoosaeméopaem YCAOBUAM: 
) cywecmeyiom a u B makue, 4MO NO MeHoIWEL Mepe OAA Mpex pasAu4- 
BHAYEHULL A U3 pactuUpeHHoli naocKkocmu Cap (r, (f —a) +) = O(1); 


9) Few olle( and i adie mst aeeone oe 
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mo ma 
3) npu a<p<B cywecmeyem lim® rae TaN (ge) | =csin— (p— 4%); 


4) cxodamca unmeepaael \ tn | f (fat*) | 2a { [In| (ter®)| Ee dt. 


if Al ¥ 
CueactBue 1. JTycmbe umeemca HeKomopasn cucmema Aydeu (R). 


Ecau @ynkyua f(z) yOoeremeopsem ycAoeusam: 
1) no menoweli mepe Ora fa ce PasAUULHbLX 3HALeEHUU a U3 paculu penHow 


naocKkocmu Caja pi 4(Ts G—@)]0 OMiere 


[ee) 


2) | int T(r, fede < 00, 


Z 
mo 


3) npu &;E Kaya, cyuecmeyem lim rn |f (reé*) |= ojsin = (g — om 
we 
Chu Arar 


4) cxodamca unmeepaaol \ Ini pee in Mae (6= max (¥s Y7 
uh 


go ag OT bs gaye G 
Yculopue 1) MO2KHO H€CKOJIbKO OC/IAOHTb, 3AMeCHHB ero TpeOoBaHHeM, 4uTO 


WIA Kaxoro j Haliferca Takad Tpolika uHCe/ A 3 paclIMpeHHOM IMOCKOCTH, 
uT0 Caja. (7; (f —a)*) = O(1). 

3°. B 9Tom nyHKTe MbI OyqeM paccMaTpHBaTb (pyHKLUH, MMetouyHe Tped- 
cTaBJIeHHe 


Ree See 
f(z) = Daa eee ‘oe 
k= ap 0 


M. B, Keagpim goxa3an (°), ro AIA TakKUX PyHKUnH 


m(r, f)=O(1), (3) 


OTKYa JIerKO BbITeKaeT, YTO JIA MOObIX % HB cCupaBeduBO Bagg (r,f) =o(1). 
MetoyoM, OJIM3KHM K TOMY, KOTOPBIii OblJI HCMONb30BaH B (°) Aa WoKa3a- 
TeJIbCTBa (3), MOXHO YCTaHOBHTb, YTO WA CyHKUWH Bua (2) uMeeT MecTO 

Azg(r, f) =O(1), ecm O<y<n. Cnegopatenbuo, Ana hyHkuui Baga (2) 
Beer a 


Sag (ts f) =Cea(r, f)+O(1) (O< <x). 


_ 43 storo cooruomlesua u Teopem Bb nu B Bpirexaer: 

Teopema 2. Ecau dynkyusa f(z) npedcmaeuma @ eude (2) u npu HeKko- 
mopox «up, O<y<r, Cog(r, f) =O(1), mo Ona f(z) umetom mecmo 
ymeepxcOenust meopemol 1, npu amom @ 3) 6ydem umemo c<0. 

CaencrBue 2. Ecau mynkyua f(z) npedcmasuma 6 eude (2) u Oana He- 


Komopot cucmemol ayuelt (R) c OX = 6olInOANHEemMCA ~ Cajapy (fs f) == O( le 


mo Oasn f(z) Cees Mecmo yméepocdeHuA cacdcmens 1 u 6 3) 6ydem umemo 
= 0 (jaa. ay 
“Dron Fates ABIACTCA OOOOULEHHEM ORHOH Teopempr M. T. Kpelina (*). 
. U3 teopemp: I caegyet, ro ycnosue 2) cleQCTBHA 1 MO%KHO 3aMeHHTb 
Ses yCJIOBHeM: 
2") HatiOemcs no Kpatineli mepe oOHO sHa4enue a (He O6s3amMeAoHO OMALH- 
Hoe Om mex, KOoMOpole dueypupytom e@ ycaceuu 1)), OAA KOMOpoec noarooKU- 
mebHa eeauuuna A* (a). 
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Tak Kak Jia BCAKOH weno yHKUHH A* (co) = 1, To orciofa cenyert 


Teopema 3. Ecau f(z)—yeaas myakyua makasn, amo no menewueti mepe 
Wil O6YX PAZAUYHOIX 3HAYeHULL a == 00 


n ! 


Di Coa u.0y =o \= 01), 


f=1 
10 OAL amotk MyHKYUU Beppo. YMeeporCenUA CAeOcmeuA 1. 
CaencrBue 3. Ecau f (z)—yeaan mynkyua, Ora KOmopott Da Im(b7")|<00, 


| Im (Cm) |< 00, mo f(z) — @ynxyua akcnonenyuaronoeo muna,. yooereméo- 
OWA YCAOBUIO 
| In | f (2) II 


( LELLON ay < oo, 


0 FS ) 
5. Honbsyacb HekoTopbimn fesymbtTatamu Mauiiy (8), MoxHO HeCKOJIbKO 
0 0 
CHIMTb pe3sybTaTH 2°, 3° u 4°, BBena B paccmoTpeHnve, KpoMe a — To¥eK 
YHKILHH, ele H @— TOUKH ee NpoH3sBoRHbIx. I]pu 9TOM HY2XHO HCNONb30BAaTb 
K2K€ HEKOTOPble pesybTaTbl U3 (°). 
0 

6°. Mbi cunTaeM BeCbMa BePOATHBIM TpefNomox*KeHHe, uTO ycnoBHe 2) 
Teopeme | ABJAeTCA JIMIUHHM. 

Ham kKaxketcs, uTO OblwIO Obl HHTepeCcHO fOKa3aTb WIM OMNpOBeprHyTb 


I 


\ 
3MOMKHOCTh 3a4ME€HBI B CJIeACIBHH 3 yCJIOBUA >i | Im (cnt) | < c yCJIOBHEM 
(1) > 0 usm yenopuem A*(1)>0. O1metum, uto B (°) Oblio (B YacTHOCTH) 


TAHOBJIEHO, YTO eCH pay Im (6;*)|< 00 nu A*(1)>0, to f(z) — 9kcnoHeH- 
WaJIbHOTO THA. 


XapbKOBCKHH TOCyapCTBeHHbI yHMBepCuTeT Tlocrymuao 
um. A. M. Topbxoro 21 XIE 1959 
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Jloxaaypn AkaweMun Hayk ccCcP 
1960. Tom 132, Ne 41 


MATEMATHKA 


r. H. TIOPHHA 
O KOFOMOJIOTHAX KOMIJIEKCHbIX OJHOPOJIH bIX MHOFOOBPASHH 
(ITpedemaeareno axademukom IT. C. Aaexcandpossim 30 XII 1959) 

| 


Ilycth X —ojHoposHoe OfHOCBASHOe KOMMaKTHOe KOMMJI€KCHOe MHOFO- 
oOpasue. OGosHauum uepes H7(X, Q?) umm H”4(X) rpynuy koroMosorui 
mpoctpauctBa X c Koa(ppuUMeHTaMH B yuKe Q?” pocTKoB rosJIOMOp(pEBIX p-POpM 
na X uw nonoKum H’(X)= >) H’4(X). B cayyae, Korga X — KenepoBo 


Ps 
MHorooOpa3ne, HuMeem (1) * 


H7(X, OP) =0 np p=eg; (1) 
HE(X, OP \=2 1?" (x, CY. 


JIns oOuero ciyuast uspectHa dopmyaa Borra (?), cBoqaujaa rpyony 
H’’7(X) « rpynmaM KoromMovorHi HekOTOpHIxX aureOp JIu. 

Kaxk]OMy HeKeJIepOBy OHOpOAHOMy MHOToOOpa3sHiO MOXKHO OHO3HAUHO 
conocTaBUTb HeKOTOpOe KeJlepoBo MHOrooOpa3He Y. IIpu stom cyulecTByeT 


paccjloeHue X-+Y, caloem kKoToporo sBaserca top T™” pasmepHocru 2n. 
B uactosujeH paOote foKa3pipaetcs, uto H”(X) u3omopibHa Kak OurpayyH- 


pOBaHHoe IipocTpakcTBo rpynne romMosornit aureOppr H*(Y, C) ® H* (T™, C), 
CHaO2%K€HHOH HeKOTOPbIM AupepeHunadOM HM HeEKOTOPOH OurpayupoBkKol . 
Ha muorooopasuu X yka3aHHOrO Bua TpaH3HTHBHO JelicTByer Mosmyupocraa 
KOMIWIeKCHad Tpylna G uw ee MaKCHMaJIbHad KOMMaKTHasd nomzrpynuna M, Tak 
yto X =G/U=M/V; V=M 1 U. OGosHauun uepes g, 2, » — anreOpn JIn 
rpyon G, U, V, a uepes »* — komisekcuyto o6on0uKy aureOpn ». [lyctp 
S’—HekoTopoe MOXMHO2KeCTBO cHcTeMbl S MmpoctTblx KOpHeli aureOpH g, 
a [S']— TlopoxXTeHHoe HM MHOKECTBO HOJOKHTEbHBIX KOpHei. OSo3sHauHM 
yepes »(S’) mogxareOpy B g, NopoxevHy!0 BCeMH TaKHMH KOPHeBbIMH BeK- 
TOpaMu @,, YTO % HIM —%E[S’], u vepes h(S’)—optoroHambHoe jonouHe- 
Hue K MOfIpoctpaHcTBy, HaTHHyTomy Ha [S’] B KapraHoBcKolt moqasredpe, 
a uepes n(S’)— nofasreOpy, HaTHHyTyio Ha Takue e,, TO a >0 u a &[S’]. 
Ban noka3as (*), uo AA mM06oro MHoroo6pasua X paccMaTpHBaemoro Tua 
cyukecTByioT Takoe S’ C S, Takoe pasnoxeunne h (S’) = hy + fh, rue hy u He — 
PaLHOHAJIbHbIe MOANPOCTpaHcTBa, HM TaKOe KOMIVIEKCHOe ToMpocTpakcTBo 
Wie h,, WH Wis), a70 


iio == » (S’) Bs Ho + Ww +. n(S’), 
pe = 9 (S’) _ De. 
Tlon0*x uM 
(i) aay 


* Riy 8 
Uepes H"(X, C) mbt o603Hauaem rpynnbt Koromonoruii mpoctpanctBa X c Koadurnen- 
TaMH B MOJ€ KOMMJIC€KCHBIX yuncer C. 
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o6osHauuM Yepes [U] cBaA3HyIO KoMMeKCHY!O Nosrpynny rpynnp G, orBe- 
AIOWYIO STOH NOMamreOpe. Torga us pesysbrarop Bana (*) caegyer, uTo 
| = G/[U]—ogunocpssHoe kKomiakTHOe KenepoBo MHOrooOpa3ve. OGosHadHM 
pes [»] anreOpy JIn rpynnp [V] =[U] 9 M. Umeem 


[v]° = vo + ke. 


SameTuM, 4TO TIpH BbIGOpe pasMUHBIX Ch, Ha X moryt HH AYUMpo- 
TbCA paccoeHHem (G, X, U) pa3muunble KOMMeKCHbIe CTPyKTYPBl. 
Ccbopmyaupyem ocHoBHOlt pesyubTar. 


IIpocrpanctso w cojlepxutcs B eHTpe aureOppt [»]°. [ostomy conps2KeH- 


f0e TIPOCTPaHCTBO WW" OTOXecTBIAeTCH C NOAMpocTpaHecTBOM mpocTpaHcTBa 
W({V], C). Tpauerpeccua B riaBHoM paccoeHHom upocrpanctse (M, Y, [V]) 


|HyuMpyer sHHelince oTOOparxKenne 7: w' —> H?(Y,C). Pacemorpum aure6py 
C= hw ry Cle fw: 


TakOH BOMHOH TpalyupoBKOli, uTO SIeMeHTEI U3 /\/1y*@1@1 umeor 
pucteneHb (/, 0), QEMeEHTH! U3 | &) H?’ (Y, C) ® 1 — 6ucrenens (p, p) u 9ue- 
feHTH! HS 1@®1@ Aw — Onctenenb (0, m), wu onpemenmuM B He Aude- 
eHiHadl 6, AIA KOTOpOrO 

éw* = $H(Y)=0, 8=c wa w’. 


Teopema. Ipynna H"(X), kak 6uepadyupoeannoe npocmpaxncmeo, u30- 


1op@ua H(8)= Aw@H(H(Y,C)®@ Aw’). 
IIpu foKa3atTesbcTBe TeEOpeMbI HCXOAHM H3 (hopMyvibl Borra (?) 


H1(X, Q?) = A (u,v, A?(g/4)), 


€ B [paBoH wacTH cTOHT rpynna Kkoromosorul asireOppt JIu 4 OTHOCHTeJIbHO 
OasreOpbl »° c KosPpuHUMeHTAaMH B IpedcTaBJeHHH alreOpbl & B MpocTpax- 
Be /\(g/#)", HHAYWMpOBaHHOM MpHcoeMHeHHBIM lipeqcTaBJeHHeM. OroxJe- 
‘TBUM [pocrpaHctTBa g/t u g/[u] c aonomHeHHamu n, =1(S’)+W u n(S’) 
; 4 uw [ut] B asreOpe g. 

Tora umMeem 


: 
ts 


A. Gr) = A (SOY @isaes 


puyeM onepatops u3 ["] feficrByiotT Ha (Aw TpuBHabHO, a Ha /\ 1(S’) 
X JleicTBHe HHAYyWupyeTcA MpHcoeMHeHHbIM NpeACTaBJIeHHeM U B g. 

Bynem o6o3Hauatb uepes C(L, L’, P) anreOpy oTHOcHTeIbAbIX Koerel 
are6ppr Jiu L no noganredpe L’ c Koaddpuuventamu B MpescTapnenun P, 
yepes d— auddepenuuan B 9TOH anreOpe. a 

Tlyets A= C(u, v°, A (t,)) 2 B=C(u, o*, An(S’)’). 
lMmeem 


A=BQ Aw’. 


Tlyets x€w* C A. Boruucsmm dx. Jaa toro BpiOepem B g Oasuc U3 
OpHeBLIX BeKTOpOB H KOpHell. Torfa, no orpexenenuio Auiepentvavia B A (*), 
emeut [dx(e,)](e_), THe e.€n(S’), e-g@n (S’), pape 0, ecan a8, mM 
ape x(a), ecmu o«=8. Ouepugno, uto [dx] (h)=0, hew u dx(h)=0, 
€w. Bpruncmm H(B). Kak caenyer us (*), rpalyupoBaHHaa asreOpa, 
ccomuupoBanHan c H(B), usomopdHa ueny “Eo. H€KOTOpOH ClekTpaJIbHOH 
oclenopatembuoctu, B KoTopoli ‘Ef = >) H"4(Y,C)@ Aw’. Us coo6paxe- 


p 

ui pasMepuoctu uBcHay (1) ‘Ey ='Eoo u asreOpa Exo u3z0Mopdua aviredpe 
B). Tipu nomomu o6pi4Hol (busbTpalun asreOpyl A no creneHu B asireOpe B 
OCTpOHM KOroMoylOrHyecKy!lO CHeKTpaJIbHYIO MNOCMeOBATeJIbHOCTb (E+, d;). 
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| 


Ipu stom E,= Aw @H(B)=Aw @HA(Y, C)@ Aw, a sc laeies | 
re x€w", Ipunaniexut H(B) u paBed Kaaccy KOroMONOrHH wuksia dx. 
MoxHO OKa3aTb, UTO B JaHHOH CHeKTpaJIbHOH NOC/efOBAaTebHOCTH muce- | 
pentnasn d, (r > 2) TpuBHambHbt. Takum o00pa30M, 


H(A)=H(Aw @H(Y,C)@ Am", | 


npuvem juddepentuas 5, OTHOCHTebHO KOTOporo OepeTcsA rpymma romney | 
WHJYUHPOBaH BbIYUCJICHHBIM BEULe WUppepeHunasoM d. OctTaeTcaA BbIUHCIMTb 0. 


Tonoxum D = C({u], (vl, A #(S’)’). Kak 6si0 noKasano, dw" cD. Onpe-) 
nesum oTo6paxkenue P: D?'?>C°'(g, [v]°, c) caexyiouqum o6pasom: 


0 ecuH xX €[u], | 
PROG ape) = p 7 


VE prassae »Xp)) (Xp4tir +s - Mpeg )ey ee Clee [uw], 


rye X; paCMOJOXKeHbI TAK, UTO ec xX; E [U4], TOU x/E [u] npu j >7, a xX, paBed 
KIaCCy CM@2KHOCTH 3JIeMeHTa X~ B Wpocrpakcrse g / [1]. 
PaccMorTpuM varpaMMy J 


p?4 (Y) ae CPr9 (Y) 
vy ye 
PPV) => PA 


: 
1 
' 


: 


rae [?7(/")—uxpapvauTHpie dopmpl Ha Y Ouctenenu (p,q) (cTemeHu fr), 
¢ — H3BeCTHOe OTOXK JecTBMeHHe (4), i—oueBHAHOe BlomwKeHHe. MoxKHO NpoBepuTb 
cOxpaHeHHe OMCTeNeHH IIpH OTOOpaxeHHH 3G, CJIeOBaTeJIbHO, MO2KHO OMpese- 
mHTb o” =i +oP, JlerkKo npoBeputTb, HeNocpesCTBeHHO CpaBHHB COOTBeTCTBY!0- 
me (bopmysbl, To o”d = do", rye d— Aucepentnan B anreOpe A, a d’— 
uddpepenuupopanue mo z BI (Y) *, 

Tak Kak MubrooOpasve Y keslepopo, TO u3BecTHo (°), ¥TO pH Mepexoye 
K asreOpam Koromouorui B I”4(Y) u B J°*4(Y) oroOpaxenue i uH_yuUpyer 
usoMopiu3sm areop H"(Y) u H(Y,C). Uostomy oro6paxenne P tTakxKe 
WHAyuupyeT H3soMopdusm P* anreép H"(Y) u AH(Y, C), cocuaTaHHplx pH no- 
MOULH Komisiekcop D u C(g, [v], C). 

_ Kak oTMeuasiocb BbIIlle, w" OTOKTECTBAReTCA Cc MoOMpocrpancTBamu jw* H 
jw" mpocrpaucts C1([»]°) u At({v]°). Tycrs x€@w*, torga jx EC}([v]%) c 
Cc C(g) u d—guhdepenunan B nocnequeli rpynue. Tora (dx) (€., €g) paBeH 
HyJO, eciM a + B=—0, u papen x(a), ecnu a +8 = 0. CpaBuns ary cbopmyay 
C BBIYHCJICHHbIM BbIle 3HayeHHeM dx B anreOpe A, yOexJaeMca, uTo JMarpavMa 


Att > Ch (fo]° 
d | d 


ine: 2 (@ 
Da—> CAG Holey 


— 


KOMMYTaTHBHa. IIpH nepexoyqe B HHKHel cTpoke K rpymlamM Koromonornit 
noslyyaeM JHarpaMMy 


Atv H*([9], C) 
dz |, \7 


* 


H*(Y)-> H2(Y, C), 


* - 
OTa KOHCTpyKWHs NpHMeHHMa H K Ucxo_Homy MHOrooOpasui0 X, H3 Hee Henocpexct 


ats 
BeHHO calenyetT, ut0 H (u, vo”, /\ (g/u)*) usomoppua aare6pe d’-romonornit areOpbl HHBa 
PHaHTHBIX opm Ha MHOrooopasuu X. Ilostomy dbopmyaa Botta skBuBaeHTHA YTBe pK AeHHIO 
uro H” (X) Mo2KHO BBIVNCIATS TIpH nomMonlH HHBapHadTHbIX (opM Ha X, 
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puyem P* — usomopiusm, d, — Bropoli Auddepentuan B cHeKTpaJIbHOl TOCse- 
opaTeJbHocTH (E,, d;), OlpeyeeHHOl Bole, a t— Tpancrpeccusl B paccmoeH- 
om upocrpauctse (M, Y, [V]). Oro6pasum auredpy E, Aw @ H"(Y)@A w’ 
} anreOpy 9= Aw @H(Y,C)® Aw -nupu nomomu | ®@ P*@ 1. Dror uso- 
Opdu3m nepeBozuT dz B Anepenwua t are6py 9 u wHAyUNpyer us0mMop- 
ou3M rpynn H(A) nu H (8). Teopema foxKasana. 

Caencrsue. H4(X, \)—rpynna xoromosornii npocrpancrpa X c Koa- 
MIMe€HTAMH B TyuKe poOcTKoB aHasMTMYecKUX (pyHKUMli — u3somMopdua /\%w*, 

B xauecTBe IpuMepa paccmoTpuM w«poctpakcrso SU (3), cHa6«xeHHoe 


feBOMHBapHaHTHOH KOMIIeKCHOH ‘cTpyKTypol. Tlycrh P(X,s,t)= 

>idim H”’’*(X)s‘t?. B sapucumocru of BbiGopa KOMMseKCHOM CTPyKTYypb 
ie SU (3) Maorounen P (SV (3), s, t) 6yneT papen unu (1 + st) (1+ s?28)(1 +s) 
anu (1 + st?)(1 + st +-s*#?)(1-++s). Stor npumep 6pi pasoopan Bottom (2), 
#O TloulyueHHbIe uM 3HaueHua dim H”’*(SU(3)) He copnajaior c BBIUMCJeH- 
bIMH BBIILLe, 

B 3aksioueHHe aBTOP BbIpaxaeT CBOIO IpusHaTembHocTb A. JI. Oxnumnxy, 
Synosoatameny 3TOH padoToH. 


| MockoBcKHit rocyJapcTBeHHbI YyHHBepcHter Tlocrymuao 
| uM. M. B. Jlomonocosa 25 XII 1959 
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MATEMATHKA- 


B. A. YPM 


HEKOTOPbIE 3AME4AHHSA OB ACHMIITOTHUECKOM NOBEXEHHH 
PEWIEHHH PASHOCTHbIX YPABHEHMM 


(IIpedcmaereno axademuxom C. JI. Coboneeoim 31 XII 1959) 


B wactosmel saMeTke HecsledyeTCA BONpOc OO ACHMNTOTHYeCKOM NOBeCHHH | 


peWeHHH pasHOCTHHIX ypaBHeHHii B kJacce MOCEMOBaTe/IbHOCTeM, CyYMMHPYeMBIX 
¢ KBaylpatom. Iloqo6ubie Bompocbl pasOupaJcb B Kulacce OOOOMeHHbIX PyHK=— 


uni A. VW. )KyKoppi (1). Ognako cymlecTBy!oT IIpHMepbl, Kora NOJyYeHHbIe 

HM ACHMITOTHYeCKHe pellleHHA He MpwHafwexaT K paCCMaTpHBaeMOMy HaMH 

Klaccy. 
PaccMoTpuM pa3HOCcTHOe ypaBHeHHe 


ugtt =D) ep +p us, (1) 
p 


WJId KOTOPOTO HMECeT MeCTO pa3HOCTHbIit aHaJIOr 3aflaun Kouwn. 


IIpeqno0xKuM, UTO HauvaJIbHble JaHHble uy KOS(PPHILHEHTHI Cy PasHOCTHOH 
cxempl (1) mpHHanmexat ksaccy /,. Baeqem o603HaueHHe 


+00 
U"(s)= >) ugexp [iks]. (2) 


k=—0o 


Kak uspectHo (*), pag (2) cxogurca u pbyHKuna U"(s) npwHagnexut Kaccy 
L,(—n, +7). 
IIpu nomoum (2) ypapuenuto (1) craBuM B COOTBeTCTBHe BbIpaxKeHHe 


CO (5)\i—ak (Ss) 10s), (3) 


rye U°(s) wu X(s) npwHannexatT Knaccy Ly(—n, +n). 
Hasopem ypapuenne (1) ycrotiunpnim (°), ecau 


Di\ ue P< MD} | ue, (4) 
k k 


roe M>0—ne 3aBucaulaa oT n KOHCTaHTa. 
Hepapenctsy (4) 9KBHBaJIeHTHO HepaBeHCTBO 


+t “0 
| (Us) Pds <M [ |U%(s) Peds. (5) 


—Tt —t 


V3 (3) HerpyqHO 3aKMOUNTb, 4YTO ANA BHINONHeEHHA (5) pH moObIx Ha- 
0 
YaJIbHBIX JaHHBIX Uy HEOOXOMMMO M AOCTaTOUHO BBINOHeEHHe ycCOBHA 


[A(s)[ <1. (6) 
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Pemenne (1) Moxer ObiTb mpefzcTaBneHo B BHIe 


+t 
tL 1 1 7 
we = = \ X" (s) U° (s) exp [— iks] ds. (7) 


ST: 


Ilyctb A(s) yqoBmeTBopseT ycuoBuaM: 


A(O)=1, |A(s)|<1 npn s=40 (8) 
cylllecTByeT HekKOTOpad okpecTHocTh s=0, —a<s<a, B koTOpoi }(s) 
pecTaBHMO B Bue 
¢ 2 2p—1 ; 
(3) = exp |? Dy prs! — Bays" + Bata s*”H0(8)], (9) 
t=1 
€ Bop > 0, a v(s)— ananuTMyeckant B yKasaHHOM oKpecTHocTH (byHKUNA. 
Ilyctpb 
(1), 4 1m - 5 P 
Uk = 55 \ h” (s) U" (s) exp [— iks] ds; (10): 
(orfla u3 (8) cmenyer, uTO 
Sub ut e< < Mig", (11): 


oe Sea Ce yim: 3aBUCAMaA OT f KOHCTAHTA. 
HerTpyaqHo yOequTbca, 4TO MOXKHO Tak CY3HTb OKpecTHocTb s=0, 4TO: 
Y€T BbINOJIHATBCA HePaBeHCTBO. 


[A (s)| << exp [— 8s??], (12) 
me B > 0. 
IlycTb Tenepb 
(2) ae ats 
up = a \ exp [in >, B, s?’ — nPop s2| U° (s) exp [— tks] ds. (13) 
—a t=1 


TloctapaeMca BbInCHUTh MopeleHHve BbIParkenus 
nh @), 
Si |ug— uel? mpu n— oo. 
ke 


BplOupaeM MocJleMOBaTeIbHOCTh &,, CKOPOCTh yOblIBaHUA KOTOPOH ONpeseauM 
o3qHee. Ilyctp 


+ En 
up = a \ X” (s) U°(s) exp [— iks] ds; (14) 
rya B cuay (12) 
2 ‘ut — a — M, exp [— 28ne7? ik (15): 
Tlorpedyem Tenepb, uTOObI nen” =f. §s0. Torta s= 0 2) a 


<1/2p. Tpu takom BpiOope 6 BuauM, YTO OMIMOKa (15) yObiBaeT ¢ pocTom n 
ak TlOKa3aTeJibHad PYHKIWAS. 
Ilyctb Tenepb 


+En 2p—1 
us = = \ exp [in 2 8s? — nBop | U° (s) exp [— iks] ds. (16): 
oe a 


oF 


OweHumM 
+£p 2p—1 
meTL 


Dal iia a —- \ n"(s) — exp |in > By s! — Bap s°?] | LO {5)i|* ds. Cm 


k —é (=1 


SameTHM, UTO KBakpaT pa3sHocTu B (17) MOXHO TpeACTaBUTb B BUTE 


1 


ee (s) — exp [in ») 8; sé — nap $2 || = 


2p 
ji 
= Bent, 1? s?| (2p + 1) & v (E) + 241 o! (6) |? x 
x | exp [2nBop4, 62°41 v (€)] | exp [— 2nBo, 877], (18). 
rye € 3akslOUeHO MexKIy —e, U + sp. 


Tlorpe6yem, yroon ne??t+-+0. Jlna storo caegyer pacnopsquTees mapa- 


MeTpoM 6 Tak, uToObnI 6 << 1/2p(2p-+ 1). Orciona 3aKmouaeM, 4TO 


+e, 
» |ug — up ae Viens \ s?&4? exp [— 2nBop s??] ds << M,n—s/2p+4et+s, (19) , 
k hs ) 
Es —1/2p 
3ameyaa mip stom, sto >)| up|? u daa MMeIOT MOpAAOK pocta n 
( 
BUUM, UTO 
(2) a t 
> | wn a. uz |? < M;n 3/2p+-(4p-++1) F (20), 


T. €. OWMOKa CTpeMHTCH K HyJIO OblcTpee, seM yObIBaIOoT CaMM McceLyemple 
BeJIMUHMHEI. 

PaccMOTpHM HeCKOJIbKO IpHMepoB paSHOCTHBIX CX€M Vi BBINHIUeM id HUX 
-ACHMNTOTHYeCKHe (hOpMYJIbI: 

IIpumep |. 


ne — eae a . 


J\ia stoi pasHocTHolt cxempl ycnopua (8) BEIMOMHsIOTCA, ecu 


AcummtToTuyeckoe peleHHe HMeeT BHI 


+n 
(2) = ps 
uk = ( exp [in re 1 ee s*| U° (s) exp [— iks] ds. (22) 
IIpumep 2. 
ic n n i n t 
uk = wk +> (Wh — Ua) +S (wh — Qu + uf). (23) 


‘Ycsosusa (8) Te 2%e, YTO M B MpenLinymem IIpHMepe. 
Acummtoruueckoe pellienne (23) umeer Buy 


on 


uh = 2 \ explinrs + ine (1 —r)s8 ne (1 — r°)s'] U'(s)exp[—iks} ds. 


—T 


(24) 


Kak caeqyer u3 cratbu A. V. )KyKosa(!),.B mupumepe 2 MoxeT GbiTb 
OulydeHa ACHMIITOTHYeCKad (POpMyJIa B CMbICJI€e CXOJMMOCTH B KJlacce 0606- 
[CHHBIX (PYHKUHH 


-b00 
Fn 4 ar +k r : y 
ei \ cos| is s+ 5 (1—r)s*| ds, ONS) a0 (25) 
a —0oo n 


Iu aKO HETpyHO BUZeT, YTO Up He MpHHayexuT Kaaccy J,. 

B 3aks1oueHHe aBTOp CUMTaeT CBOMM TIPMATHbIM OTOM MpHHecTu G6saro- 
apHoctb A. JI. Conoppesy u C. K. TosyHosy 3a BHuMaHHe H MHOroyHCJeH- 
ible yYKa3aHHa. 


Tlocrynuso 
28 XII 1959 


UWMTUPOBAHHAA JIATEPATYPA 
1A.U. Ky kos, YMH, 14, s. 3, 129 (1959). * E. Turumapw, Teopua dyux- 


“uu, M— JI, 1951. 3B. C.Pa6eHEKUH, A. OD. DunuANOB, OG ycToHunBocTH 
ASHOCTHBIX ypaBHeHHli, M., 1956. 
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Jloxxagm Axagemun nwayx CCCP 
1960. Tom 132, N 4 


—y) 


MATE MATHKA | 
C. B. YCNEHCKHH 


CBOHCTBA KJIACCOB W'!, C JPOBHOHM MPOM3BOAHOM 
HA AHU®®EPEHUHMPYEMbIX MHOPOOBPA3SHAX 


(ITpedcmaeaeno axademuxom H. M. Buxoepadosoim 23 XII 1959) 


Sta padota mpelcTaBsaeT coOoH JjaJIbHeHwee pa3BUTHe pe3yJIbTAaTOB, 
onyOJINKOBaHHbIX B Halle padore (+). 

Ilyctb g— oOacTb B mpocrpancTBe Ry; Rin — m-MepHoe NoANpocTpaHcTBo: 
TOUCK(X 4, » 0) Xo mig « 2 Mn) TAC Kmtay= =) Xp DURCMPORanEE 

Pynkuua | MpHHaqiexkuT klaccy W5(g), |< p< co, py 7 = 7 acm 
re r wesoe, O<a< 1, ecm: 


1) f NpwHagmexut Knaccy Co6omeBa W’, (g); 


: ie Che A! (Ofte 


2) WP dle = [x — y je tPe ORES eS), 


gg 

Beis: os shee. 

me |x—y|= > (x — ys)? | ed a ES oy Caldks 
Tlo02>K uM 


I hye) = Fey + 2 WF igs 


Crremyrounue TEOPeMBI JWIA KaccoB W(Ra) aHaJlOrHYHbI ~COOTBETCTBYIO- 
I\HM TeopeMaM ia Kaaccos H, C. M. Huxoupexoro (2). 
Teopema | (upamas). ITyeme [E@W,(Re). |< man, ae 


. (n — m) 
as aera » hj > 0. Toeda wacmnan npouseodnaa 
j=m-+1 
ry tod 
, Fi) tA+LL ie Tine Ge, RR 
D(X, -. 6) Xm) = —— 
(6) Hatin sues Oxn 
KaK PYHKYUA X1,..., Xm NPU AMOObIX GbuKCUPOBAHHELx Xmtiy +++) Xn nNpuHad- 


aenum W(Rm) (p—neyenoe npu p> 2), 
NF oe Solem 

ede C He 3aeucum om f. 
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Teopema 2 (o6patuan). SadaHo uucao r>O u 6ce 603mMorCHOLe CUCMe- 


bl {\} HEOMPUYAMEACHOLX 4UCEA haa, .. +, hn, OAR KOMOpOLX 
(n—m) 
alee (== iii) 
Otes [= ee > hy > 0. 
j=m-+1 


Tycmb Kascdoti cucmeme {h} npueedena 6 coomeemcmeue GyNKyUsA 
1 (X41, ++) Xm), Npunadrencayas Wh (Rm) (0 — Heyeroce npu 1<p< 2). 


Toeda moscHo nocmpoume dynKywio f (x:...., Xn)€W5(Rm) makyo, umo 
“dabble A racteele 
ey 
¥ Fa Or (X41, x ) 
ee alae i 
e ; 
ee cea <cD Nahe ce 


1ay 
Teopemp! | wu 2 np p= 2 npaHagnexat JI. H. Cno6onenxomy (*). 

C. M. Huxoupcxum s (*) wu B. M. Ba6uy Obina nonyuena Teopema o 
(powoKeHHH KuaccoB Wt (r—mesoe) C OrpanHueHHoH oOulacTH g Ha BCce 
spoctpancTtso R,. Cueflyioujan TeopemMa O6o6ulaeT 3TOT pesyJbTaT Ha ciyyal, 
corya r WpoOuoe (pH p= 2 ona mpunagnexut JI. H. Cno6oxenKomy). 
Teopema 3. Ecau fE€W,(G), G oepanusena, mo, KaKko6o bot NU GoLAO 
h > 0, cytuecmeyem dyxxyun FEW,(Rn) u makas, amo 

Bd oak 


W/p(Rn) aren het cay 


Oe C 3aeucum MoAbKO OM %. 


Ecau epanuya A o6aacmu G docmamouno eaadxan (A ECT”), mo x4 
O9eHO NoAOHUMb pasHol 0. 

IIpu MomMomu STOH TeOpeMbl H3BeCTHBIMH MeTOAMH, l1peIO2x%KeHHbIMH 
CL. M. Huxompexum (*), Teopempt | u 2, a TakxKe Bce TeOpeMbl Halleli pado- 
bBl(') MepeHocstcH Ha oOrpaHHueHHble OOsacTH G c ocTraTouHO riaqKor 
*pannuen. 

Onpexenenne. Ilyctp G—n-mepHan orpaHnuenHan OOacTb, Am — JO- 
‘TATOUHO Tulaf\Kad ee m-MepHad rpaHuita. Byfem cunraTb, uTO (pyHkKHMA 
b= 6(X1,..., Xn), OMpefesenHad Ha G, yMoBJeTBOpAeT HepaBeHCTBy 


C0 (x; Am) < 5 (x) < Cop (xs iN) 


nme o(x, Am) — paccroaHve oT TOUKH X WO Am; Cy, Cy — KOHCTAHTEI, 3aBHCA- 
ue TOKO oT OOacTH G. Byyem rosoputb, uro cbynkiua f = f (X41, ~~~» Xn) 
puna LIEK HT Knaccy W>,a(g; Am), eCaH ona onpeeena na G, umeetT Ha G 
BCe OGOOOMIEHHbI€C YaCTHbIe MpOM3BOAHbIe BO VopALKa fr (f—Weoe) BKJIO- 
aeabno, 

: p 


off 
CO OO NN SSO =i 


r 

fl, Goaak. - > \ o py Oy an 
Mp, alG Bm) pn G arb tan=l| Ox"... Ox, 
Take Klaccbl paccMaTpuBasucb B padotax (*°) uw Ap. 
| JI. JI. Kygpssuespim Opti rosyuenbl TeOpeMbl MIpOMOJLKeHHA H BJIO2Ke- 
r 

ima Kaccop Wi, 4(G, Am) B Hp(G). Hue thopmyupyiorca TeopeMbl 0 T1po- 
| Z : 
[OUUKeHHH WH BloxweHHH KaccoB Wp, .(G, Am) B Wp (G), KOTOpble OOOOMLAIOT 
yesypTate A. A. Bamiapuua (5) u TI. HW. JI3opkuua (°). 
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i444 
Teopema 4. ITycmp f€W>(Am) (r— neyeace npu L<p< eA eC ae 
i> r. Toeda cywecmeyem makaa dynkyua F, onpedeaennan Ha G, umo >| 


7 lAm — I; let G Wo, airy G Mm), 4 


Me Ivf, pit—r)—k Ce SOL P hye a 9): ; 


| 
Teopema 5, Iycmo fEW5,a(G, Am) u nycme Ay —k-mepnce, docma- 
MOuHO enadKoe BaMKHYMoe MHOecobpasue, npunadseocawee G. Toe0a,.ecau 


p=r—S—2 _ Fn, -4 50, LX bai 


P t=1 
imo 
Oe so 
(6) Che i Bae a 
ee A a On 
Oxy. so a 


(0 — Heyencenpu p> 2), 
WP thgy SU ie cos hgy 
A. A. Bewepurpn tecpembl 4 4 6 nesiyuenbl DpH p=2u m=—k=n—F 
I]. VW. JIusopxunpm mpuO<r<l, m=kR=n—Il, l<p<o. 


Teopema 6. [ycmo f€W5,2(G, Am), AmEC™. 
Toeda fEWs “? (G) (a> 0)'w FEW; (G) (@ <0), 


IF hyr—a10 gy < C | i hy’ (G, Wea 


7 & 


Teopema 7. Hycme fE€W%,.(G; Am), An@O™. Doeday com 


0 Rt Ts 
mo 
[OWe 3 Coxe 


lf <efflye 


Wp, a—opl@: Am) (G, Mm)’ 
ar—vUEt p 
Ce: _ Uc 
pa xt. aytt ANineiOo ee PTD), 
Am Oy... ey» =r—v xy conus Xn 


Sta TeopeMa ycuMBaeT cooTBeTcTByIollyIo Teopemy JI. JI. Kyzpspnesa 
B paoore (*) ©: 


Matematuueckuli uHcTuTyT uM. B. A. Crexaosa Tlocrynuso 
Axayemun HayK CCCP 10 XII 1959 


WMTHPOBAHHAS JIATEPATYPA 


‘Cc. B. YeneucKkui, JAH, 180, Ned (1950). #C. M. Huxoascxku ii, 
Matem. cOopH., 33 (75), 261 (1953). 3C.M. Huxoapbcexui, JAH, 88, 409 (1953). 
‘JI. 0. Kyapapues, Tpogomkenne dynkunit 1 Bnoxenne Kaaccos dpyHKuuil. J\oxtop- 
cKast uccepTarua, Matem. uuct. um. B. A. Crexmopa AH CCCP, 1956. 5 A. A. Bama- 
puu, JAH, 117, Ne 5 (1957). ‘%II. WU. JIusopxkuu, JAH, 126, Ne4 (1959). 
‘JL H. Cno6o0nenKkuh, JAH, 118, Ne 2 (1958). 


“ Tanna paCoTa EO3HNKa B pesybTate yuactua B cemunape B. HV. Kouyzpamosa, 
JI. Tt. Kyapsenesa u C. M. Huxoneckoro. Tipu nogrotopxe pa6otp K neuaTH craJio 
H3E€CTHO, 4YTO H€3aBMCHNO U OCJROPpeMeHHO Teopema 6, TeopeMa 5 NPM p HelenoM u m=k, 
a Takxke Teopema 2 TpM p HelleiOM M TeopemMa 4 NpH r HelesOM Ob NomyUeHBI pyri 
yuacTHukoM cemuHapa Il. HY. JInsopxuupm. 
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Jlokrann Akanemun nayrK CCCP 
1960. Tom 132, No 4 


MATEMATHKA 
M. B. ®EJOPIOK sae een 


ACHMIITOTHKA ®YHKIMH FPHHA 3AJAUH KOM 
AJId KOPPEKTHbIX I10 TIETPOBCKOMY CHCTEM 
C JBYMA TIEPEMEHHbIMH [IPH ¢---+- 0, x > «~ 

(ITpedcmaezeno akademuxom H. I. Tempoecxum 1 XII 1959) 


B Hacrosulei samerke paccmatpuBaetca saqaya Koum jia KoppeKTHBIX 
> Ilerpopckomy ypaBHenuli u cucTemc jByMaA Mepemennpmmu f, x c KOIpPpu- 
A€HTaMH, 3aBucamuMH or ¢. Jina dyHKuuu [puna 3agqauu Kom naxo- 
4TCA e€€ aCHMMTOTHKAa pH ft—-+-+0, x->0o; NosyyeHHaa acHMMTOTHKa 
IpaBpeIMBa Takxe upH f->-+0, x dukcupoBaHHoM HM mpH x-—>oo, t>0, 
AKCHPOBaHHOM. 

1. PaccmorpuM BHavase OHO ypaBHeHMe NopafKa n c MOcTOAHHbIMH 
eR TaME, 


= P(ig)u, (1) 
Ui leo= Bole). (2) 


BpejeM CJleyiouly!Io TepMHHOJOrHIO: 

1°. Ypapuenue (1) napa6onuuuo no Terposckomy, ecm P(s) = ays? + ..., 
Pd) < 0,n uerHo. 

2°. Ypapyenue (1) co6crBeHHO mapadomuuHo uno LTluaopy, ecun 
By O08" 1S. Op 7 SP ws... ROGgi— REO, =). age Rear 0, 
= ee MeTHO, IP > De 2. 

3°. YpapueHve coOcTBeHHO KoppeKTHO mo Ilerpopckomy, ecaH P(s) = 
+ iQ(s), rte Q(s)—MuoroyseH C BeILeCTBEHHbIMH KOIPPuIHeHTaMH. 
Pe3ysibTaTbI cBeseHbl B Tao. | (n> 1). 


IIpumMeuaHua K TaAOMHHe 


iL 
Fae 
me tea ka eae 


| /20—1) | x | 2(n—1) L \ | x | n—l i 


€ KOHCTAHTbl, BXO[MUlMe B TaOmMUYy, BelwecTBeHHDI; iO (|x|) — 4uHMcTO MHH- 
a pBenuuuna. Kgacc koppekTHocTH MOHMMaeTCH Cue yIONMM OOpasoM; 
upnh O0O<¢t<T pemenue u(x,t) saBaAeTcH KJlaccHyecKHM pelleHnem (1); 
HeMpepbIBHaA 3aBHCHMOCTb peWIeCHWA OT HavaJIbHbIX JaHHbIX MOHMMaeTCA 
cMbicuie (*). 

IIpu goctratouno mamix T,O<t<T B cayyanx I, I pellenne w(x, ft) 
bHHaMJIeKUT TOMY 2%Ke Kulaccy C 3aMeHOli by Ha mO60e by > by. B cuyuae 
, 1° u B cayyae III, 2° Ha coorBeTcTBytoleH TWouyocu pellenhe 3aayu 
IIH ecTb (byHKIMMA CTemeHHOrO pocTa MopsyKa pocta +l. — 

ACHMIITOTHKa IpoOH3BORHBIX (PyHKuUNH [puna BbipamwaeTcA yepes acHMII- 
Tuky (dbyHkuui Tpuna caefyioujum oOpasom: 


a’G gin 

NAG. Cl? Peet Gee |. (3) 
ee tee 

ee le Coe) (4) 
Ox / 


63, 


(° wy) USIS = x UBIS 
<n [eset * | dxa gy S| (x) n| 


d 
MUM 


(°% Wy) UsISs — = x UsIS 
rae | ree ee SS | (x) on | 
gt 


ae! "ae 
d 


ne | | a SSCS EA 
ae 


OSed 


HLOOHLMEddoM RLM 9] 


Tut 
(a ‘x)y{ —4 "9 +89 Jus x 
aes 
U 
i ma) Ss eee Tour (°» wy) usIs X 
os Sema x (xo + —L—t9—- | dw = OQ |xo—e xg] 9 
‘f=, | Fiery hae t—ul*| s 
d U ® 
= 
O29) {( tut el O+ ° 
d—u T—d = 
afdeDor+ eg aa | dxa x 3 
==, (9% WI) USIS X 2 
tut X cote x (2 5 
(°» wy) usIs — = x usIS —— 6 
[x |g] dxa9 S| (x) | *~ | —L— 249 Jus @ Sv = '2)D © — PORtOnON U9? temo 
— | paul >| 2 
u 3 a 
° 
ra) = 
{ eats |" et ae Le OO = 
Q<=2 wogow udu d—u {—d T=d—u “d Sy a 
Co <— | xX 
eee eg) Seat ae 2 
q ow ‘OHLOh U ‘of 
(wl Tor) dxo@ %) vy =@ %)D 
a 
‘ I 
ao 
pea = 
! o® 
ea dxa 9 S| (x) °n| 0< "9 Oa Oe Oe 4x9 x] ooejx| | 32 
th S 
Uu a 5 B 8 
x @ ‘x)y = ‘*)D les 


HLOOHLMeddoM DORI yy 


eHHd | BUIIHA 


S 
= /\ 
we 
= g ~ 
\ rege as 
3 Ss = => & 
“OE | 
& & = 
Ce eS SH = 
a —_ 2: rota) 
a = §) =o 
1) SO = | 
Nv 2 || TES 
= | 
= TR a. 
SS = S mae SS 
= RG O 
a fe - V2 
2 = 
fe cS 
S 
ee es. 
eS ee 
Ss 
hol 
= “ “(| aS 
zy <~ <e Sany 
ays Ss 2 & 
yg oe a foe ae 
en SiS = << S 
oo = a ee L—— 20 
Ge ime eee Sy) 
; ES D | 
5 o 
as Seay eos 
a 
2 OS 22 Wx 
eahe/\ CAE 
= ied) —ec 
SSOeS ass ae 
— ee ip) 
= = = 
Ss = 
Se 
3 
joes = 
as So =e 
ee spe 
SS & 
= ee 
— 
S&S) S 
i Bek 68 520) 
jn a — =| | bas! 
in if Sala sad 
| Simi ks = £ R aN 
| Rey Ae) 
| » » aa 
= 
a a 
Boge => 7) 
| oO o 
| es 2 2 
| x = 
2255 
| = I x 
| ia aS ally 
: a” ~ 
| — 255, af 
S o oy 
| eS ww cS 
No) so) = 
x one NS 
oO 
shed) ewgts gis 
@ 2's cS 
pot Derm! |e 
m az a 
oe ~ t & t ep 
Ste =) ia) Ses 
E me ax 


WoMddodLay] OU aatyeddou OHHIALIQO 


JIAH, tT. 182, No 1 


SaMeTHM TakxKe, 4TO (yHKIMA 
[puna upu t>0, x duxcuposannom 
ABJIACTCA WesOH dyHKiveH x. 

AcumutoTuka dyakuuu Tpnna pa- 
Hee OpiJla HeEM3BeCTHAa, HO Ia MapaGo- 
simueckux 10 Ilerpopckomy ypaBHenuit 
Oblia W3BeCTHAa e€ TOUHAA OleHKa 
(cM., Hampumep, (+)). 

Kaaccbt KoppextHoctu I u II, 1° 
ObIIM H3BECTHbI paHee (7); Awa clyuan 
II, 2° Obl NoulyYeH TOT %Ke KJacc KOp- 
peKTHocTH, uTo uw pus II, 1°. Taxum 
oOpa3om, B cayuaax II, 2°u III, 2° no- 
JYUYCHHbI€ KJIaCCbl KOppeKTHOCTH cy- 
IN€CTBEHHO IMpe paHee H3BeCTHBIX. 
Bonpoc © MaKCHMaJIbHOCTH KJlaccoB 
KoppekxTHoctH II u III, pemenupit 
3flecb, paHee He ObI u3yy4eH. 

Han6oulee MHTepeCHbIM M3 OJyueH- 
HbIX pe€3yJIbTaTOB ABJIAeETCA TO, TO 
cyHkuua [puna G(x,t) Ha syuax 
x>0O u x<O yOpiBaeT c pa3mMuHon 
CKOpOCTbIO. ITO HeYAHBUTeIbHO, Tak 
Kak G(x,¢) ecTb Welad (yHKIMA x H 
NOSTOMY Ha pa3HbIX JyuaxX MOKEeT Be- 
CTH ceOa 10-pa3HoMy. 

2. Paccmotpum <(pyHkuuto§=§6[puna 
sajaun Kou fa KOppeKTHOrO 110 
TlerpopckoMy ypaBHeHHA C MOCTOAHHBI- 
MH koa*pcdbulweHTaMu NopayKa n> | 
tio ¢, pa3peWIeHHOTO OTHOCHTEeJIbHO 
O"u/ot", T. e. pelieHve 3afauu 


) nO) an 
PG; 4 izz)u 0, (5) 
du Cm) 0 
U |t=o ah Ope at? pale. ’ 
(6) 
Ot tu 
= 6(x 
Py abl (x) 


JlIemma (B. M. Bopox (°)). Xa- 
pakmepucmuueckue KOpHU cUucumemel C 
nocmosnHolmu Koapquyuenmam, Kop- 
pekmuot no Ilempoeckomy, npu 001b- 
Wux Ss umetom OOHO us cAedytoLUx 
pasnoncenuti @ ps0 ITtouse: 

[O40 fs) =Nays) le oes oe 
uemHo, Re do; < 9; 7 

2S) = AyjS +... + apis By ea, 
pm ken Rpyio 0, «ucaa ko, 
hij, ++ ->Rpj yeswle, Rpj 4eMHO, Redo = 
—Reay =. . .=Re Ap1,7=9, Re pj <0; 
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Biv hy (8) = ays" +... tayjs+..., Wwcnrd Roj, Ry, .. - yerole, ko > 
Rep > Rag > een, #Re aay = eae kody 

4°. (8) = AojS + ay; + AqiS “4+... , Ro > O. | 

ITpu amom cucmema ne moscem 6 Kauecmee dj(S) UMemo MOAbKO KOPH 
euda 4°, ao; = 0. 

Mbt tpaBeyeM 3fecb TombKO acumuToTHKy G(x, 7); Klaccbl KOppeKTHOCT 
H H€KOppeKTHOCTM Tlomyyalorcs OTCIOa TpHBHaIbHbIM OOpa3soM. 


O6o3sHa4yHM yepes a; NOpAoK pocta i (Aj (s) — 2a (s)) M0 s, a > 1. 


k 
Teopema 1. pu t-+0, x-—>0co dynxyua [puxa paena cymme n 


caazaemolx. Kaocdeii kopeno euda 1°, 2°, 3° Oaem caaeaemoe maxoe oe, KAK 
u 6 mabauye, C 3ameHoti n Ha ko, p Ha Rpj, nomnookenHoe, Kpome moz0, 


ey) 

FPS ; 

ewe Ha B; (|x| /t) roi TTpu Ougqepenyupoeanuu no t caaeaemoe, coomecri 
Roy . 

Roj—l J 


cmeytouee KOPHIO i; (8), NomNOdCaemca Ha (|x| /t) , npu Ougqdepenyupo 
1 


ganuu no x —wna(|x|/t)*%* . Craeaemble, coomeemcmeyrouue KopHAm muna 
4°, u ux npouseodHole no x u t Oo nopsdKa a; —1 6KAWUUMeNoHO ABASIOMCH 
Qurxnumnomu gynkyusnmu. I] pouseodnsie no x nopsa0OKa m >a; u npous- 
eodnwle no t, CCAU Ayj==0, AeAKIOMCA CYMMOIi KOHEUHOZO 4UCAA NPOUSBOOHDIX 
8-@ynkyuu nopsrdka m—a;. Ecau ayj=0, mo ece npouseodnole no t gu- 
HUMAHOL. 

Sameuaunue |. G(x, ¢t) Bcerga ecTb tbyHkuun. Ecau ypaBuenue (5) 
UMeeT XapaKTePpHCTHYeCKHEe KOPHH TOJIbKO Bua 1°, 2° uv 3°, To G(x, t) mpu s0- 
6om ¢t > 0 saBaaeTca WenoH dyHKuHeH x. 

Sameuaunnue 2. BcexKoe pemienue CHcTeMbI ypaBHeHHH C NOCTOAHHbIMH 
KOS@PHUMEHTaMH, KOppekTHOH no TlerpopcKomy, nowyuaeTca H3 HeKOTOpOrO 
pelueHHaA ypaBHeHHaA Buya (5) NpHMeHeHHeM K HeMy AnddepeHMasIbHOro oTe- 
patopa T (i0/Ox) c nocTtosHHbIMu Kosddpuuuentamu (*). Ecau cucrema umeer 
XapaKTepHCTHYeCKHe KOPHH TOIbKO Bua 1° u 2°, TO KsaCCbl KOPpeKTHOCTH 
ypaBHeHHA MM CHCTeEMbI COBMaflaioT; eCJIM eCTb elle KOPHH Bua 3° un 4°, TO OT 
HavaJIbHbIX JaHHbIX TpeOyeTCA NOBbIMeHHe PiaqKOCTH Ha KOHeYHBI NOpsqoK 
HM OFpaHHYeHHOCTh HECKOJIBKUX OO/Iee BLICOKHX MPOH3BOLHHIX, UCM B ypaBHeHUH. 

Sameuaunne 3. Ecun xkoadhdpuunent ypapuenua sasucart or ¢, To BCce 
H3JIOKECHHHIE BHIME PE3SYJIbTATbI CIPaBeVIUBbI, ECM MOTPeOOBaTb BbIMOJHeEHHA 
moviaraeMbIxX paHee yCwIOBHH Ha kosdpuunentpt P(s) paBHoMepHo no f¢ 
mph ONtKT. 

ABTOp lIpHHOCHT riy6oKy10 GslarofapHocTh A. VU. KUTOMUPCKOMY, NpHBseK- 
WwleMy BHHMaHHe aBTOpa K paCCMaTPHBaemoli Teme. 


MockoBcKHH rocyapcTBeHHbI yHHBepCHTerT Tlocrynusto 
um. M. B. Jlomonocospa 27 XI 1959 


UMTHPOBAHHAA JIMTEPATYPA 


*C. J]. Dine abMau, Matem. c6opn., 38(80), Ne 1, 51 (1956) 23). Es Wawro 
YMH, 10, 8. 4, 89 (1955). °B.M.Bopok, Mss. Bric. yueOx. 3aB., Matematuxa, Ne | (8) 
(1959). °*B. Me BopoomAHS 1145, Ne 4 (1957). 
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Hoxuage Akanemuu nayrk CCCP 
1960. Tom 132, M1 


MATEMATHKA 


| A. A. WIAPLIAHOB 
: 


-MCTEMAX OBbIK HOBEHHDIX JU®SEPEHUMAJIbBHbIX YPABHEHHA 
C ABHOM NEPHOAMYECKOH 3ABHCHMOCTbIO OT APTYMEHTA 


(IT pedcmaeaeno axademuxom C. JI. Co6oneseim 28 XII 1959) 


§ 1. Hacrosmjaa cratba sABIaeTCH JalbHeliuumM pa3BuTHem pa6otp (?). 
aua, KOTOPad 3feCb pelllaerca, cnegyroulasd. Jlanbl dyuHKuuu u(x, y, 2) u 
, Y, 2),MepHoquyeckue NO Z CMepHOJOM, paBHbIM eAMHULe, KyCOuHO-udbe- 
wupyemble M0 2, aHaHTMYeCKHe TO xu y, Ipuyem D(u, v)/D (x, y) >0 
JNOObIX 2 H BCeX X H Y B paccCMaTpHBaemoH OGacTu. TpeOyetca MOCTpOHTb 
Lae u(x, y, 2, t) u v(x, y, z, t), Mepwogquyeckue No z 


ae 1 Mont) = UK, Ueeee ame (XG) Cash t == U(X re, 2), CL) 


(Sales yHcIO §=pas judbepenuupyempre no ¢, aHamuTMYecKHe 10 
ry, umetouue D(u (x, y, 2, t), u(x, y, 2, t))/D(x, y) — 0 npu Bcex BemyecTBeH- 
x zu ¢t uM paCCMaTPHBaeMbIX xX H Y, YROBJIETBOPAIOWLHe YCOBUAM: 

1) ux, y, z, 0) = x, v(x, y, z, 0) = y; 

Wiech, <1) — ule, YZ), OX, Y, 2, 1) 0%, 2); 

3) u [u(x, Y, Z, as u(x, Y, zZ, ay Zz af hi, t.]=u (x, Y; Z, Lor ty), 

ulux, Y, Z, th), u(x, Y, @, ty), Z +b ty, | Sao) (x, Y, ~, t+ te). 
O6osnayaa « = z + ¢, HeETpyHO NoKa3aTb (7), YTO HCKOMbIe PYHKIUN, eCIH 
A CYULECTBYIOT, JLOJDKHbI YAOBJIETBOPATb CHCTeMe OOBIKHOBCHHBIX y PaBHeHHH 
) 


du du dt 
HUI), Falun), Gal, ) 


> (PYHKUHH © H Y ABVSIOTCA NepKOMMYECKUMU TO 7% 
e(uyo, t+ ly o(usv,*), Ou, 0,2 -+- 1) = > (G v7, 2): (3) 


Teopema 1. J]ycmo dee nape gynkyuti u(x, y, 2), 01(%, Y,z) u 
(X, Y, Z), V2(X, Y, 2), YOosrsemeopsaruue nepeducrennolm bolle mpeboeaHuAM, 
“ zZ=Nn, 2de n— smboe yesce NONOMUMEAKCE UAL OMpPUYyAmMeAbHOe 4UCAO, 
nadawm, m. e. 


Uy (x, y, n) = uUg(x, y, n), 01(%, y, 2) = 02 (Xx, y, Nn), 


npu z=—n OAHU KaK YeodHO omauuarmca Opye om Opyea. Toeda O6e 
‘memol Oud-gepenyuaaokelx ypaenenuti (2) c cocmeemcmeytouumU Ona 9MUX 
HKYUll NpacoumU YacmamU 9, (U, ¥, t), di (U, V,t) U Pa(U, U, 7), be (u, V, t) 
1a0aQICM §=pewenunmu, KOMOpble, UMeA COUHAKOEDIE HAYANHOIE YCACEUA, 
nadarcm Caree npu 3Hauenunx t, PabKelxX YeAomy “uUcAYy nepuocdos. 
PaccmotpeHHbli B cTaTEe (1) Culyya MpHHafviexUT kK TOMY, KOT a NepHo- 
SHOCTh TO 2 OfHOH Napbl, HaNpuMep Ws(xX, Y, 2) U Vo(X, Y, 2), CBOMUTCH 
OTCYICTBHIO 3ABUCHMOCTH OT STOTO apryMeHTa. B 9T0M cutyyae @o(u, V, T) 
bo (U, UV, t) HE 3aBHCAT OT 7. ‘ 

§ 2, Pacemotpum croco6 moctpoeHHA HCKOMbIX PyHKUH (1) uw (3) B Buze 
TICHHBIX PALOB, MpeAcTaBKICULHH CoCo pasBuTHe MeToOJa Aw Hs Kopkuua. 
€MOJOXKUM, YTO cymleciByeT pellenHe (%(Z), B(z)) CHCTeMbI ypaBHeHHH 


u (% 2); B (z), z) aa a (z), v(a (z), B (2); z) = B(z) 
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M UTO B OKPeCTHOCTH ero HMeeM pxIIbI 
U(X, Ys 2) = %(2) + Aro (2) (% — @(2)) + Aor (2) (y — B (2) + 
+ Ago (2) (% — a (2))? + os (4 
v(x, Y, 2) = B (2) + Bro (2) (% — &(2)) +.Bor (2) (y — B(2)) + : 
+ Bao (2) (% — a (2)? +... | 
| 


Samaya MMeeT pellieHve IIpW YCJIOBHH, 4YTO KOPHH Py; WU P2 ypaBHeHhA 


Ajo (2) — p Aox (2) | A 
Bio (2) Boh (e) hte (¢ 
i 
He 3aBHCAT OT Z— 9TO HeOOxofuMo. BbyeM MpewnoaraTh Take, 4TO Koad 
(puuveHTHt (5) BellecTBeHHbI H (10, > 0. 
Sameuas, uo byakuun u == a(t), v= 8(t),t = 2-+ 2, MpencraBasmior coo0 
lepHofHyecKoe peliieHve cucTeMbI (2), HETpyIHO MOHATb, YTO U(X, Y, Z, ft) 
u(x, y, 2, t) HYXKHO HCKaTb B Be pAOB 


u(x, y, Z, 1) = 4 (z+ £) + O49 (2, t)(% — &(2Z)) + Mo (2, #) (y — B(Z)) + 
+ Goo (Zz, t) (x —a(z))? +... 

v(x, y, 2, t) = B (z+ £) + Bro (2, i) (x — a (2) + Bos (2, t)(y — B(z)) + 
+ Bao(2, #)(x—a(2))?-+. 


(é 


M3 dopmya (4) u (6) BHAHO, 4TO, HE YMeHbIWaA OOWIHOCTH, MOKHO TOC 
MKUTb &(zZ) = B(z) = 0. Jro OyzeT cooTBeTCTBOBAaTb TepexOy K H€3aBHCHMBI 
MlepeMeHHLIM x—a@(z), y—B6(zZ) HM K yHkunAM u(x, y, z,t)—a(z+t 
u(x, y,2,t)—B(z+¢). Bygem uaxe mpegnonaraTs, uTO Tako mepexo 
BbINOHeH. IlosToMy WIA HCKOMBIX yHKUHH (x, y, Zz) u d(x, y, Z) HY KE 
MHCaTb pAb 


Q(x, Y, aoe )% + 01 (Z) Y + G20 (Z) x? + Gis (2) XY + Goo (Zz) y? +. 
D(X, Ys Z) = Pro (Z) X + Vor (Z) Y + de (2) x? + dus (2 )xy + doo (z)y? +. C 


JN BEIYHCCHHA KOSPPAMUHEHTOB mp (Z, t), Bmp (2, t), Qmp (Z) H Ymp G 
IIpHBJIeueM ypaBHeHHA 


0 ’ ’ me 

BED 8a, y; jee +(x, y, gy 2a (x, a ae HERES t) x 
OD. (Che ps 2519) dv (x, 1) (« 
— a = (x, y, 2) U(x, 4 a 25 +(x, y, 2)2 sn) 2 he aed 


Roronue HeTpyMHO MNOVJIYYHTb, HCXOAA u3 (2). Tlogctapaaa Bw (8) pagel (( 


u (7) u IpHpaBHUBaA ClipaBa H CJIeBa OT 3HaKa paBeHcTBa KOSPpPHINeHT 
IpH xX M y, Haliqem 


9410 


ee 0a, 0 
“Oia rae (Z) X10 + $10 (Z) %o1 — ) 2 = $10 (2) B1o + $10 (2) Bor + — ) 
2 a) 0 
re = Po1 (Z) X10 + Hor (2) &19 + = ; = 1 (Z) Bio + ox (2) sa 
Ecam UpapaBHatb Koapduuverts mpu xy* (i -- k> 2), TO Nonyur 


cuctemy 2(i-+k-+ 1) Auepentuanpapx ypaBHennit, CBaSEIBAIOMNX (pyH 
HHH mp (2, t); Bmp (2, £), Pmp (Z) H Ymp(Z), KOTOPbIX CYMMa HHeKci 
m+ p<i-+k. U3 seex srux cuctem ypapyennit, mpeqnoaraa, B cuusy ( 
u (3), I€pHOMM4HOCTD HCKOMBIX KOS@PHIHeHTOB To Zs npescranusercs BO 
68 


ae OMpeMeHTb UX, ECM ROOaBUTb ClOfa yCJIOBHA, BbITeKaloulHe HB 1), 


Gio (Z,O0)=1, (2, 0) =0, zp (2; O)== 0; (10) 
Bio(Z, 0) =0, Bor (z, 0) = 1, Bec, 0) Ua Eee, 
Amp (2; = Asap (z), Bmp (Ze =n (z), Nae ee Ie e 


Yuntpipad ycopusa (10), nonyyHM nA BbIpPaKeHHA Omp(Z) Hu Dan (2 
bE3 Amp (Z, f) UH Bmp (Z, ¢) CoorBeTCTBeHHO culefylolue (bopMyvIbI 


04, 3 0a OB nn z Bmp 


Pees mp pier 
Pmp (2) = aa ae ey: } Ymp (2) = Ot Vag ae 


ail) 


t=0 t=0 


|TlepHoguueckoe flo z peulenue cuctempi (9), yoBseTBopsiomee ycvio- 
aM (10) u (11), paBxo 
{1 (2) tir (2) too (2 + 2) ¢ _‘Ya(2) tar (2) tra (2 + 2) 


t 
10 (2, f) = Pigs (@4 i) d(zint)” 9 oe De miaecennnne 
{1 (2) tre (2) tos (2 + 2) Y2(z) tee (Z) tae (2 + 2) 
or (2, 4) = pf MGcEY stag eT on aon Rise 4 
Meee {1 (2) tar (2) tor (2 + 2) Yo(2) tar (2) ts (2 + 2) 
ee tes oneal (eGeD * 
a) — yi(z) the (2) tor (2 + £) ag Y2(z) tee (2) tu (2 + 2) ( 
pl 7 aera d(z+h ier) det’ 


A(z) = ty (Z) boo (Z) — tre (Z) ter (2)s 


¥1(Z) H Y2(zZ) —pou3sBosbHble NepHosuueckve (yHkHu Cc TepHoyoM, 
HbIM ejJ{HHHIe, He paBHble HH pH KaKHX Z HyuJO, a (PyHKWHH ft; (Z) 
JIAIOTCH 3JIEMeEHTAMH MaTPpHIIbl 


ty1(Z) tie (z)\ _— [— Bro (2) Ajo (2) — px 
ie (2) too 4 es \ (z)—p2 — Aoi (2) ip (14) 
MBOJAeH MaTpHliy c aeMeHTaMH Ajo(Z), Aoi (2), Bio(Z) H Bor (Z) K MHa- 


HaIbHOMy Buy. Jina yHKUMH 19 (Z), or (2), Pro(Z) H or (Z) mpH o- 
mu (12) Hatem BEIpaxKeHHA 


bi (2) boy (2) — by (2) bes (2) fas 


P10 (2) = 10 (Z) a d (z) 
— e (2) ta9 (2) re (2) __ bre (2) fa (2) i (2) ) 
d(z) 1 (2) G2) baa (2) 
* ty @inQ@—ty@lr® —_tn(@.tn@ (iat 2 1@ Ny 
(2) a 349 (Z ea d (z) d (z) {2 (2) 11 11 (2) (15) 
HO —12t,(0 — in@ i® (a (Oe 1) 
eis = 091 (2) — fez " d(2) Ms ag ayer 2 72 ’ 
t 11 (2) bop (2) — tay (2) bg (2) 
| for (2) = G01 (2) —- Sass d (2) Sane aa 
| / ty, (2) ton (2)Tz (2 tra (2) tm (2) 1 @) ), 
| Piel 2) Yoke) d(z) 11 (2) 
| t t In py — fig (2) ter (z) Inp __ by (2) ton (2) 1, Pe 
Bsc (z) a 11 (2) 22 (4) ari 5 21 2 pth (z) eer tt soy : on 


—t toy (2) | 
oe too aa (2) We PL, een tir (2) toe (z) In Pa : 12 (2) ¢21 (2) In pr ‘ 


B cmyuae, CCIM Py H Pe y HOBJIETBOp ALOT HepaBeHCTBaM 
Cre. Pr F PY 104 Po pr %3, | (17) 


rie n>>2, ON AKA, MalbuetiaAe BEIYHCMCHUA Amp (z, t) U Bmp (2, t) MOmKH 
YIPOCTHTb, BOCHO/Ib30BaBIIMCh (PYHKUHOHAJIbHBIMM ypaBHeHH AMM 


ub [ti (X,Y; 2) BOO Ue U2 ee) UU, Yo 2al), Oho Uy cil) mer? ie 18 
v[u(x, Une b); (x; Us es t), z+ he 1] = UNA, Y, Z, iy. v(x, Y,2, Ly; ey by; 


KOTOPble BbITeKaloT H3 3) pH yuere (1). 
Tloncrapaaa B (18) pane (4) u (6), npupaBHuBaa KoSpPuuneHTh! Mp! 
xmyP (m+ p=n>2) B OOeHX YaCTAX PaBeHCTB H paCCMATPHBax BeJIMYMHB 
ain (Z, t) u Bie(z, t) ci + RKn—1 Kak usBeCcTHble, NOJyIHM 2(n+1) om 
HeHHbIX ayIreOpavueckuX ypaBHeHH fvIi Takoro Ke UYNCJla HeM3BeCTHbI 
BEJIMYHH Omp (Z, t) H Bmp (2, ) C He paBHBIM HyvO OMpesemuTetem. DyHKIH 
49 (2, t), %o1(Z, t), Bio (Z, £) H Bor (Z, #), OMHakO, TaKHM cnoco60oM He MOory% 

ObITb HalfleHb!l OMHO3HAUHO. 
IIpu ppmomenuu yenosuit (17) pager ana u(x, y, 2, ¢) w(x, y,2,¢ 
MO2XKHO PpacHOJOXKUTb NO creneHam pi u ph . 
. 


u(x, os 2, tn (%, yy By Ope Pug (HW Ze) Egy os es OPP ee 


O(X; 9, 2, t= 0, (Ws Y, 2, EV pL Oy, (%, Ws 2> 4) pf bE U6 ea a ee 


TC Ump (xX, Y, Z, t) H Ump (x, Y, 2, t) ABMAIOTCA MepHowMyueckuMH 10 ¢ (pyHK 
wuamu. Ecuu B dbopmysax (19) copepliHTb MpewembHbId Mepexo K sMHeH 
HOMy cutyyato (A;g(Z) = Biz(z) = 0, i +R > 2), TO DomyaHM oOOpluHyto cop: 
MYJIMpoBKy TeopeMbI PyioKe. 4 

§ 3. Onucpipaa mpvem nocrpoeuva pasos (6) u (7), MBI Mpeanonaran 
4UTO KOPHH (5) HE 3aBHCAT OT Z, CYMMa (;-+ fe BeIECTBEHHA, py + Po I 
01P2 > 0. OgHakO CXOANMOCTb STHX PAOB JOKa3aHa NoKa MpH Oovlee 2KeCTKH 
ycyliopuax. Mmeer mMecto TeopeMa, BIOHe aHaslorMuHasd Teopeme | cTaTbH (3) 

Teopema 2. JIycmb eewecmeeHHole, nepuoduxecKue no z qdynKuyut 
U(X, Y, z)uU V(x, y, Z)=0 pasaaearomca 6 OKpecmHocmu mouxu x= 0, y = 
6 pxdot (4), 2de ~(z) = B(z)=0,u nycmb KOpHU 0, U po ypasHeHusn (5) He 3a6u 
cam om Zz, seasiomca: 1) sudo KOMNACKCHO-CONPAMHEHHOIMU U pasHblmu 
2) AUOO GELECMEEHHOIMU, NOOLUHAMOLUUMUCA YCAOBUAM £402 >0, (17) u oONot 
uz nap Hepaeexcme 


[pr |< 1, oa <eleret aw ho Weed aon ae 


Toeda cywecmeyem npu at6om KoHedHom t okKpecmHocmbe mouku x = 0 
y=0, 6 Komopou gynxyuu u(x,y,z,t) u v(x, y,2,¢t) pasaaeawome: 
6 ps0 (6) C nepuoduyeckumu no z KoadduyueHmamu. 

M3 moOoi oKpectuocta x=0, y=O0 npu BoltlomHeHuM ycnoBuli Teope 
Mbl 2 (byHKUMH u(x, y, Z, t), u(x, y, z2, t), BOSMOKHO aHanuTMYeCKH Nposou 
X%KHTb B Ooslee WHPOKy!0 OOIacTb, KOTOpad B cTaTbe(!) Oblla Ha3BaHa UTE 
pauuonHoH. B jaHHoM calyyae Ja Kaxkqoro z OymeT cBoa oOGmacTh. UrTobr 
 MOYYHTb 3Hav¥eHuA PYHKUMA B Kakoi-M00 TOUKe Ha3BaHHOM OGacTH, HY KH 
BOCIOJIb3OBaTbCA ypaBHeHuamu (18), B KOTOpHIX e@HHHILa 3aMeHeHa COOTBeT 
CTBYIOWIMM WeJIbIM YHCJIOM N, NOJIOKUTEbHBIM WIM OTPUaTeJIbHbIM, a B Kaye 
cTBe X HM Y B3ATbI KOOPAMHATbI TeX TOUeK M3 OKPeCTHOCTH, Fe pALI 3aBe OM 
CXOAATCA. 


Beipaxkato OnarogapHoctb H. MW. Axuesepy 3a o6cyxJeHue pa6ornl. 
@u3uKO-TeXHHYeCKHH HUCTHTYT Tloctynua0 
Axkajemun Hayk YCCP 17 XII 1959 


UMTHPOBAHHAS JIATEPATYPA 


1A. A. Wapmanos, JAH, 127, Ne6 (1959). 2H. I. ie A ae 
rpynn JIu, M.— JI., 1940. Tapes, Teopx 
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Hoknagn Akagemun nayx CCCP 
1960. Tom 132, N 4 


MATEMATHKA 
HW. ®. WAPbIrHH eg Sr Ws 


O TIPHMEHEHHM TEOPETHKO-4HCJIOBBIX METOJOB 
MHTEPPMPOBAHHA B CULIYYAE HEMEPHOAUYECKMX ®YHKILMK 


(ITpedcmaeaexo axademuxom C. JI. Coboneeim 3 XII 1959) 


1. B MyorouncieHHbix pa6otax, MOCBALeHHbIX NpHOMMXKeHHOMY BHIMHCJe- 
WiO KpaTHbIX MHTerpaJiOB, NOABMBINMXCA 3a TocwJeqHee BpeMsA, MOCTpPOeHHI, 
WaCTHOCTH, KBafpaTypHble (OpMy Nb! Aa cbyaKkuu f(x,,..., Xs), MpHHal- 
‘exkallux KJlaccy E;(«), ompefleieHHOMy yCJIOBHAMH: 


©O 
Fear e ost) = eye vy mg etmnrbatne ze, 
Nhisnes M,=—Co 
omy, +m.) =O (ity... 7H,)-®), Te = max (I, jms a> 1. 


 OGosHauum uepes H,(a, c) Klacc (yHKWHH, onpeseneHHbli ycnoBHamu 


Cie oxic) 
ans 0a aa, We 
OR iat OF,” 


- Tlepwoguyeckue dyyHkunn us H;(a,c) mpuHagiexatT u E;(o%). OguaKko 
{O2KHO TOCTPOMTb KBalpaTypHble (opMyvbl, AelicTByrollwe Ha BCeM KJlacce 
'B; (a, C). ) 
; Teopema 1. /Iycmp f (*1,..., %s) npunadnenum H,;(%, c),«% > 1; t. (z)— 

1eKomopasn GbyHKYyUA, YOoBAeMBOPAIOLUAA YCAOCUAM: : 

Mai (0)<a e, (2) <a (2°) tg (1) 1, Oe ae els 

2) | (z)|< A, OR kat]; TON 

3) 7 (0) = (1) = 0, LC k<e. 

Toeda cywecmeytiom makue yenole d4,..-, As, a =a;(N), «mo 


£35 p[ c(t} (CE) J (889) = (Fe) - 


QSar 
=0(* =] 


R= 


1 
—\... Bets aie ON es 
\i Xs) dx be 


ab ah 
Tloka3aTeubcerBo. CyelaeM B HMHTerpauie ( Ps Wiese Ohl Ms OX on Xs 
0 0 ’ 
aMeHy X; =a (z;). UlogpimtTerpambHad yHKUMA MoCce TaKOH 3aMeHbI OKa- 


KeTCA, OUCBHAHO, MpHHaviexallleH KJaccy Eh) yp ou CCNO BAT THO jloKa- 
bIBACMBIM pesy JIbTaT BbITeKAeCT M3 COOTBETCTBYIOULHX TEOpeM (Geis: 


* {x} — WpoOHaad 4acTb xX. i 


3ameuanne. [lyctb f(x,,..-,%s) WMeeT oOcoOeHHOCTb Ha TxMepmi10 


0 304 Siete = 0(+=r) 0<B<y 
CKOCTH Ny We se neers QV 9s ax? .. . Ox poo ; 


2 OU3BOHbIC 
ee: VG epee as Ilyctb f wMeeT cMellaHHble Tp JHbIE 
(burypupyroulme B olpefxenenuu Kslacca H,(%,C), HeMpepbIBHBIe B OCTAaIbHO 
yacTH euHHuHOrO KyOa. Tora MOXHO BBIYHCJATb Hiverpaae OT [a 
(byHKUMH, BBOAA ta,;(Z), YAOBMETBOPAIONIMe YCJIOBHIO a (2°) = 0,1< kag 


79), (2;) = O (2, — 2)?*), b= ah » 1, (2) =x} 1S % 


2. Ilyctb f (%1,..., Xs) 3aqaHa Ha e]MHAYHOM Ky6e HM OTJMUHA OT HYJA 
Ha HEKOTOpPOM Iapasuiewenuneye, rpaHH KOTOpOroO MapaJJlebHbI KOOPAMHAT- 
HbIM tocKoctam. Ilyctb f(x1,...,%s) Ha 9TOM Napasmuemenumene yOBJe- 
TBOPAET YCOBHAM, ONpefemsouluM Kacc dynkunl H.(1, c). Jjoonpeyem 
f (x1,...+, %s) BO BC€M MpocTpaHCTBe, TOJIO%KHB - 


[ (X1, +++) Xs) = Liles onse) Cho) 


Bpejem 


A 
PA Grete cee) eee \ fF [x EE,» vay Os ee dep as Oe 


{ 
vf st 1 1 ‘ 
Vo Ufa Ge dere. dts). Y F(t, as) dan dis. (1) 
0 r 6 if 


Ecnu c(my,..., Ms) W Ca (m,..., Ms) — kKoappuunentn: Dypbe dyHK- 
whit f (xq, 25 Xe) Hela Ga ee nO OUeS IIo, | 
Goa (2) 

Mia) Po 8 m, 

c’ sin 2x mA sin 2mm, A 
Jeg (Fae eM cera ee | (3) 
Cie C4(Cus) 
PaccmMoTpy¥M 

N 4 . Rk. ke ket) f - 
R (2; f) =}4 ue, Fie ee ey N j—\. 5 Ai (x4, oe ew 4 #5) dx, Chet 0 aX. (4) 

ee! 0 0 

N 4 “i 1 eed oe ea 
RK (2, f) =|47 fa (Gro r> ’ 2 Ne 
k=1 
1 af 
= \ eee \ fa (Xa5 9 Xs) dx, dx: (5) 
0 0 
4 a Rk kz kes 4 < k kz ei 
ral =| Dilar “N? ’ N ——_ + arAr } 

=1 [esi 
(6. 


* Ha BO3MOXKHOCTh BLIYHCICHHA HHTerpasOB OT PYHKUMM, HMeIONLMX OCOOeHHOCTH, Mp} 
OMONLK Tt, (2) OblO ykKa3aHO y4aCTHHKaMH cCeMMHapa MO TeOPeTHKO-UNCOBOMy MeTOD 


Moute-Kapao npn Matematuyeckom uuctutyte um. B. A, Crexnopa AH CCCP. 
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Teopema 2, Ecau N=p>s npocmoe, mo cywecmeyem makoe yeroe 
=a(p), 1<a<p—1, umo RY (a, f)=0 (2 
Jlokasateaberso. Us (1), (4), (5) w (6) nonyyum 


ROC) ePs (eaten (7) 
OueHuM 
Ti satnaKke kA (2.7) 
1<z<p—1 fEH, (a, ©) 


Bocnoubs0BaBlNcb H3BeCTHEIMH ONeHKaMu (4) 1 (3), Noayunm 


5 a 1 
min max RA(z,f)< max i 
1<z<p—1 fEH; (a, ¢) {6H (0, ¢) 


Fee > Sons 


My... 


2 RA (2 NS 


sin 2mm, A 
"| “2am A 


2rm,A 


sin 2xmA | 


Alaa ta) 


= p—1 npu d=0 (mod p), 


OSA es... 
: ’) <s—1 mupu d==0 (mod p); 
tt o6uluii HanOombunit ReUTe Ib m4, ..., ms. Uitpux B 3HaKe CyMMbI O3Ha-- 


| 4 
saeT, TO MCKIOUaAeTCA 3HaveHHe m,y=...=m,=—0. Bospmem A = ae 


jorae CjlaraeMble, COOTBETCTBYIOWMe HaOopaM 17,,..., Ms, JIA KOTOPbIX 
=0O(mod p), oOpatatca B Hysb, ecm xoTA Obl ofHO m;=—0. Crenosa- 
€NbHO, JIA BCX CJlaPaeMbIX, OTIMUHBIX OT HYJA, A(m,..., Ms)<s—1. 
TakuM oOpa3om, 


coo 
: (s—1)c' 5 1 |sin2xmA |\s 
Rukia, hn (2, 7 <A (1 ce) ey eee San) 
1<z< p—1 EH, (a, ¢) (2, 1) pm ; 2 m | 2nmA 
4 
sin 2nmA f! mDE a a 
Pambin} > 4 rl 
lee pH maa =e 
Cyne opaTeJIbHo, 
: min max Rx(z, f)< 
| 1<z<p—1 fEH; (a, ¢) 
(s—1) ae a yee 
s—1)c’ n 5 
Sap =] ($2 D5 +2 Di saa) = 0 p Vs (8) 
m=1 m=p 
k Rk pest 
OueHuM Tenepb feAes f). Ecau tTouKa (=. eae Jee | 5 i) yasena: 


T NOBepXHOCTH Mapavviesenuneya Couee uem Ha A, TO 


k kz oy ( k kz a a 
SS, SS ke — —,—,..., csA. 
i( p : Dp ’ : p fa Pp p ? Ss 
k kz k2S—1 
luculio xe TOUeK re =I, pi ane Z , YAaJIeHHbIX OT IOBepXHOCTH Tla- 


asiesenuneza He Oomee uem Ha A, pH KaxKJOMzZ He MpeBocxoguT Ap. 2°, 
13 CKa3aHHOrO BbITeKaeT cyIefyloulad OueHKa ia r, (2, f): 


r, (2, 1) A (es + 2°). (9) 
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V3 (7), (8), (9) no7zy4aem 
min max R’(2yf) = o{ =e | ; 


1<z<p—1 f€Hs(«, ¢) 


vy. eae | 


'yTO H fOKa3bIBaeT Teopemy 2. 
3ameutanHue. Hetpyquo noKa3aTb, 4TO 


p 
iP ka ka, 
Ray ++) =| 5 DE Fes ee p }- 
1 1 (ake . 
—\.. (iG. ...2)dn...dx|=0(4), | 
0 0 
‘Te G,,...,@s;— ONTHMaJIbHBIe KOSPDULMeHTEI, ONpesedaemble B padoTe (). 
3. Ilycrb aHo ypaBHeHue 
x4 “V1 1 | 
Se ee y wminy Boy Mirlsleg ap UO pans 
9(*1, Xs) me i IS nN (YW y 1 s : 
“dy. . dye fi GO. eae (10) 
rye K (Yi, 6) 35 Ys, X1, rs} Xs) € Aes (a, Cx), ese (eto) Xe)@ Hs (a, ee). Ove: 
BUAHO, YTO O(x1, |. 5 HCH. (Gy Ce), Cotes Ca (Ces s): . 
Ecum Ki (Y1, see 9 Ysy X41, 2-2 y Xs) =F K (41, Oe irs Ys, Nip ese y Xs) nip 
O< yy, < x4, 1Ri<l uw Ky (yy, «2, Ys, Xi, ~.-7%s) = 0 B OCtaneubix tom 


KaX @]HHHYHOTO KyOa, TO (B MOHATHBIX oGosHayeHnsx) YeseHenie (10) ne 
pelluletca B Buse 


9(P) = \ Ki(Q, P)9(Q)dQ + f(P). (11) 

Gs 
Bo3bMeM B €/\MHHYHOM S-MepHOoM Ky6e G, Touku M; = M(5; ; lr} Per. 
fias | 


Wi \) , Tae a ompeseneno B Teopeme 2. 


* 4 \ 
Teopema 3. Ecau 6eauuune o(M;) yOoeremeopatom cucmeme aunetinolx 
y pabHenutl 
N 


9(M) = +> a K,(M;, Mj) (M+ f(M) (j=152,..., N), 


Ino. Cn paeedru6o Pa6eEHCINBO 
InS N 
o(M) =9(m) +0(2X). 


JoKasaTebCTBO STOH TeOpeMbI C OYeBUZHOCTHIO BbITeKaeT U3 TeOpeMbI 2 H 
a4); 

BonpocamH pHOnmKeHHoro§ peleHHa MHTerpanbHBIX ypaBHeHHit 
Tana Bombteppa 3anumasca Takxe IO. H. Illaxos (°). 


MockoscKuk rocyfapcTBeHHbId yHHBepcuTerT Tloctrynuno 
uM. M. B. Jlomonocosa 20 XI 1959 


UMTMPOBAHHAS JIMNTEPATYPA 


+H. C. Baxspaaos, Becta. Mry, Ne4 (1959). * H. M. Ko opo6os, JAH, 
128, N26 (1959). 8H. M. Kopo6os, JAH, 128, Ne2 (1959). 4H. M.’Kopo. 
-608B, Bectu. MPY, Ne 4 (1959). a 10. H. ll axos, JIAH, 128, Ne 6 (1959). 
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MATEMATHKA 


J B. A. WEJIBHOB 


O MHOFO3HAUHBbIX JIMHEWHbIX OMEPATOPAX 
B JIOKAJIBHO BbIMYKJIOM MPOCTPAHCTBE 


(ITpedcmaeneno axademuxom B. H. Cuupxosoim 28 XII 1959) 


B HacTOAMeH 3aMeTKe paCCMaTpMBalOTCA HeKOTOpbIe CBOMCTBa OOLLHX, 
“BooOde TOBOPA, MHOFOSHaUHBIX JIMHeHHEIX ONe€paTOPOB B JOKaJbHO BbIIYKJIbIX 
LOTICJIMMBIX TIPOCTPpaHCTBax. 

Ilyctp X, Y — Ba JlOKaJIbHO BBITIYKJbIX IpocTpaHctTBa. Jlto60e MHOXKECTBO 
u3 mpousBefenuan (X,Y) mpocrpancts X wu Y MO*KHO paccMaTpHBaTb Kak 
rpapuKx [4 HeKOTOporo omepatopa A c odmacTbio ompemetenua Dac X u 
oO01acTbio 3HaueHuli Ra CY. Onepatop A 6yjeM Ha3blBaTb JIM HEH bIM, CCH 
To rpaduk [',4 ABJIAe€TCA JIMHEMHbIM MHOKeCTBOM. Ha30BemM JIMHeHHbI one- 
paTop A OTKPBITHIM, eCaH OH TpeoOpasyer moOylo OKpecTHocTb Hya BD, 
B OKpecTHOCTh HyJa B Ra. Onepatop, oOpaTHblt K OTKpbITOMy, Ha30BeM 
HeENpepbLIBHbIM. SamMblkKaHUNe A onepaTopa A ompefzenum Kak onepa- 
Top, TpacbHwK KOTOporO eCTb 3aMbIKaHve rpaduka JaHHoro onepaTopa. 

Ecam M—sektopHoe mo_mpoctpauetso B X; X*—mMpocrpaHcTBo, Cco- 
‘TipsxkeHHoe K X, To uepes M° Gy fem OG03HataTh BEKTOPHOe NOAMpocTpaHcTBo 
'B X*, oproronambHoe kK M. OnepatTopomM, CcONpaAXeHHBIM K JlaH- 
‘HOMY MHHeHHOMY oTepaTopy A, Ha30BeM onepatop A* c-0O/acTbIO 
onpefenmeHnua Da» C Y* uw rpaduKkom 


Tas = pres = (X", ae 


Jlerko MIpoBepuTb, ITO 
Pan ={(x7, )E(X", 1): CAx, y> = x, *>, #E Da}. 


Teopema 1. 1° J[za mozo umo6et onepamop A Ova omKpolm, Heob- 
xodumo, a ecau A*(0) = A+(0), mo u docmamouno, umo6ol onepamop A 
OblA OMKpolm. 

2°. Ecau muxoocecmeo Ra samknymo, mo Ra = Rz. 

3°, Ecau onepamop A omxkpeim, a mHoocecmeo Ra 3amKnymo, mo 
A~(0) = A+ (0). 

4°, ITycmb onepamop A omKpelm, a mxoscecmeo Ra samKxymo. Toeda 
Ona mozo, umob6el onepamop A OblA samKHym, HeobxodUmo u Oocmamouno, 
umobol muoxcecmeo A1(0) 6ol20 3amKHYymo,. 

5°. Jaa mozo umo6e onepamop A Ola samKknym, HeoOxodUMmO uu Oocma- 
mouno, umobt Ra = Rz u A+(0) = A? (0). 

Teopema 2. 

A’ (0) = Da,  A’-1(0) = Ra, 
A(0) = Dax,  A1(0) = Ras. 


~l 
a1 


JlokaxxeM reppoe cooTHoleHHe. OvyeBu HO, 


(Da, Y)=(0, Y)+Ta. 
Orcrola 
(Din 0)=(X, 0) 0s Oy) 


HW Tpe6yeMoe paBeHCTBO JOKa3aHo. 

Cnenactsus. 1°. Jina Toro uro6pt onepatop A jolycKad OHO3HAYHOe 
3aMbIKaHue, HeEOOXOMMMO M ocTaTouHO, uTOOEI D4» Opiio cma6o M0THO BY’, 

2°, Jina Toro uTo6bl onlepaTop A* Obl OAHO3HAYeH, HEOOXOAMMO H JocTa- 
TOUHO, TOOK! Dy OblNO MNOTHO BX. 

TeopemMa 3. Jlycmp A—aunelinolii samKHymolli onepamop 
li ae OE) 

I. JIan moeo umo6ol onepamop A O6ela caabo omKpelm, HeobxoduUmMo U 
docmamouno, 4mobet Rax Oolao Caabo 3samKHYymo. 

Il. Jonycmum, «mo X,Y —npocmpancmeo Ppewe. Toeda caedyrouue 
NAMb CBOLICMB IKBUCANCHMHODL: 

1) A cuabHo omKpum; 

2) A caa6o omKpem; 

3) Ra 3amKnymo; 

4) A* caabo omKpolm, 

5) Ra* cnabo 3amKHymo. 

Ill. Tycme X u Y—npocmpaxcmea Banaxa. Toeda Kastdoe uz namu 
ceoticme nyxkma II paerocuAabHo ajwbomy U3 CAedyrolUxX OByx; 

6) A* cunzsHo omKpom; 

7) Ra» CUAbHO 3amMKHYMO. 

Jloxa3atembeTBa TeopeM | u 3 CHCTeMaTHUeCKH HCHOUb3yWT peSyJIbTAaTbI 
mMoHorpaduu (7). 

Teopema 3 loKa3biIBaeTCA CBeCHHeM K CJIy¥alO JHHeHHOrO OHO3HAUHOTO 
HeEIIpepbIBHOrO OlepaTopa, OpefesieHHOrO Ha BcCeM UpoctpaHctBe, Jima sToro 
paccMaTpuBaeTcA JIMHCHHbIM OMHOSHAYHHIN HeIIpepbIBHEIH Onepatop V, ompe- 
NeveHHbI Ha X Tak: 

V(x) = (x, 0), 


re @— KaHOHHYecKOe OTOOpaxKenne MpocrpanctBa (X,Y) Ha cbakTop-npo- 
ctpanctso (X, Y)/I4. Jlanee uccexyroTca cBaA3H Me2K]y CBOMCTBAMH ore- 
patoposp A, A* u V,V". Teopema noayuaetca 43 COOTBeETCTBYIOWIMX YTBEpx- 
eHuu WIA onepatopa V. 


Sameuanne 1. IIpumenenve teopem | u 3 k onepatopy A? paBuo- 
CHJIbHO 3aMeHe B STHX TeopeMax MHOXeEcTB A™*(0), A*(0), Ra, Ra, Raz co- 


OTBETCTBEHHO MHOxeCcTBaMH A (0), A(O), Da, Dz, Da» wu caicBa «oTKpHITEIiy — 
CJIOBOM «HEeIIpepbIBHBI». 
SamMeuanne 2. Yuntpiwat Teopemp | u 2, MoxHO NOMYUHTD HeKOTO- 


pple yTBepxKeHHA TeopeMbl 3 WIA moOGoro (HeOOA3aTebHO 3aMKHYTOrO) sH- 
HeHHOTO onepatopa. 


Teopema 4. /ycme X —npocmpancmeo ®pewe; M u N — eekmop- 
Hole noOnpocmpancmea @ X; M, u Ny—eexmopnele nodnpocmpancmea 6 X*. 
1°. E.au cymma M-+ N 3amkxnyma, mo cymma M° + N° caa6o 3amMKHYy ma. 
2°. Ecau cymma M, + N, caabo samkuyma, mo cymma Mi -+- NY samxnyma. 
3°. Ecau X—npocmpancmeo Baxaxa, mo Oana moeo umobol cyYmMmMa 


oO oO 
M +N Oolaa cna6o 3amKHyma, HeobOxodumo wu Oocmamouno, umo6bol ona 
6blNA CUAHO 3amKHYyma. 


lia JoKasateibcrBa TeopeMbl ROcTaTOUHO MpHMeHUTb Teopemy 3 x one- 
patopy A, uMeroulemy rpaduk 


Pa=F;,N(M, M)+(0, N) 


rye [';—rpacbux rox ,ecrBeHHoro onepatopa B X. 
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Teopema 4 SBJIAeTCA 9KBHBAJICEHTOM CBOMCTB TeOpeMbI 3, OTHOCALLHXCA K 
MHOMKeCcTBaM Ry u Rya:. 

Ecum A wu B—vmuetupie onepatopbl, To Mpw HafviexkallMx ycsOBMAXx 
eCTECTBEHHBIM OOpasoM OllpeyemoTca Onepatoppl: cymMMa A+ B u mpouspe- 
nenue BA. Cnepywilad TeopeMa JOKa3bIBaeTCAH Ha OCHOBaHHM TeopeMp! 3. 

Teopema 5. IJycme A u B— aunetinole 3samKnymole onepamopel, Oeti- 
cmeyrouue 6 npocmpaxncmee Ppewe. To2da: 

I, 1°. Ecau Da + Dp 3amknymo, mo (A+B) = A*+ B*. 

2°. Ecau Dax-+ Dgx caabo samxuymo, mo Tarp =I (ast. 

II. 1°. Ecau Ra+ Dg 3amknymo, mo (BA) = A‘B". 

2°. Ecau Da++ Rex caabo samkxymo, mo [pa = To axpe. 

Ecau onepamopa A u B Oeticmeytom 6 npocmpancmeax Banaxa, mo 
MHoocecmea Dax-+- Dp» u Dax-+- Rex caabo samknymbl moeda u moAvKo 
moezda, Ko20a OHU CUACHO 3AMKNYMeL. 


Tloctynus0 
1 Xd) 1959 


UWHTHPOBAHHAS JIUTEPATYPA 


1H. Byp6aku, Tononornueckne BexTopHble mpocrpanctsa, WJ], 1959. 
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KHBEPHETHKA H TEOPHA PET YAHPOBAHH fi © 


C. B. ABJIOHCKHM, A. M. THJIBMAH, H. B. KOTEJIBHAKOB, x 
ll. M. MOTbIJIMU bIH 


YCTPOHCTBO WIS) HCCJIEXOBAHHS AJIFOPHTMOB 
PETYJIAPOBAHHA YJIMYHOrO ABYUKEHUA 


(ITpedcmaeaexo akademuxom M. B. Keadouuem 3 X 1959) 


PocT HHTCHCHBHOCTH JBHXKCHHUA TOPOACKOrO TpaHcNopTa BeeT K PaciuMpe- 
HHIO CPECTB peryJHPOBaHHA, OCOOeHHO MepCI€KTHBHbIM ABJIAeCTCA MPHMCHEHHE — 
apTomaTos. II]upokoe paciipoctpaHeHue MOJIyYHJIM MpOcTbie aBTOMATbI, B KO- 
TOPbIX PCXKUM JBUXKeHHA TpaHcnopTa CMeHAeTCA NepHoguyecku. B moceqHee 
BDeMA TIOABHJIHCh COOOULeEHHA O CO3aHHH Oomee CJIOMKHbIX ABTOMATOB. FICHO, 
YTO CTpyKTypa aBTOMaTa JOJKHa 3aBHCeTb KaK OT XapakTepa MOTOKa TpaHc- 
mopta, TaK H OT TpeOoBaHHi, CBASAHHbIX C ONTHMAJIbHOCTbIO peryJIMpOBaHHA. 
Onuako, KaK lOKa3biBaloT uccmeqoBaHua B. K. Kopo6xosa, mpousBeqeHHble 
um B 1956—1958 rr. B MockoBcKoM rocyapCcTBeHHOM yHHBepcutTete, MaTeMa- 
THYeCKHH pacueT TaKOFO pola aBTOMATOB JjaxKe B MpocTehillem Cyyae 4pesBbi- 
yaHHo coxwKeH. B CBA3H C 3THM BO3HHK BOIIpOC O CO3qaHHH yCTPOWCTBa JA 
BbIGOpa ONTHMaIbHOTO aIropHTMa ynpaBaenua. B 1959 r. nogoOHoro poga 
YCTpOHCTBO ObIIO CO3qaHO B TopbKOBCKOM TocyapcTBeHHOM YHHBepCHTeTe; B. 
HACTOAMLeH 3aMeTKE H3MaraloTCA MpPHHIHMbl paOoTb! STOTO yCTPOHCTBa. 

1. Jlua yTouHeHHA 3ama4uH MONCKa ONTHMAJIbHOrO aJIrOpuTMa yMpaBJieHuA 
BbIACHHM OCHOBHBI€ QJICEMECHTbI, C KOTOPbIMH CBA3AHO JBHXKeHHE TpaHcnopTa 
yepe3 MepeKpecToK. 

IIpexe Bcero HY2KHO BbIJeIMTb NOTOK. OObI4HO pH Nos_Xose K NepekpecTky 
TpaHCNOpT pacioslaraeTca B HECKOJIbKO PANOB, KOTOPbI€C MOXKHO PasfeHTb Ha 
TpH rpyun: l-a rpynna (cuHTad ciupaBa HasleBO) WesaeT MOBOPOT HalpaBo; 
2-a rpylla JBuxKeTCA IpAMO u 3-a rpylla JeaeT NOBOPOT HaeBO M PasBOpOT 
B OOpaTHOM HalipaBJeHuH. 

TloroK MO*KeT HMeTb CamMy10 pasHOOOpasHylo CTpyKTypy. Tak, NOTOK Oyler 
TeTePMHMHUPOBAaHHbIM, eCCJIM JBH2KETCH KOJIOHHA MAlIHH WJM CCIM B OMpeqeneH- 
HbI€ MOMEHTHI BPCMEHH IPOMCXOLUT MpONycK TpancnopTa Ha CoceqHeM MepeKpe- 
CTke B CTOpOHy paccmMaTpHBaemoro MepekpecTka. Bo MHOrMX cy4yaAx NosBue- 
HHe€ MallIMH Ha IlepeKpeCTKe MOXKET PacCMaTPHBATLCA KaK CyualiHoe COGHITHE. 
Syecb MOTOK OyjeT ciyualinbim. IIpu pacuerax, KaK MpaBHwlo, HeT HeOOxoLH- 
MOCTH 3HaTb BC€ CTpoeHHe MOTOKA, JOCTATOUHO 3HATb HEKOTOPbIe €fO XapakTe- 
PHCTHKH, Take, KaK CpeJHIOIO IVIOTHOCTh MOTOKA HJM MapaMeTpbI 3aKOHa pac- 
TIPeMeleHHuA MOABJICHHA MalMH MT. I. 

JIpyrHM 9JeMeHTOM ABJIAeTCH Cam Tepekpectok. IlepekpecTku c reomerpu- 
YeCKOH TOUKN 3peHHA JemsTcA Ha T-OOpasuble, YeTHIPeXcTOpoHHHe u T. 1. Kaxk- 
bli WepeKpecTOk XapakTepusyeTca yCOBHAMM Mpoesza yepes nero. Ipuue- 
raloulHe K MepeKpecTKy YJIMIbl MOrYT HMETb OHOCTOPOHHEEe HIM AByCTOpoHHee 
DBWKeHHE, NO Kax%KAOMY HallpaBJIEHHIO OMpeseeHO B OKPeECTHOCTH TlepeKpectKa 
AONYCTHMOE YHCO PALOB; MMEIOTCA Pa3HOFO pOa 3HaKH HM JIMHHU, YKa3bIBalo- 
IIH HallpaBeHHe PaspelleHHOTO ABHAKeEHHA HT. 1. Hakonen, KaxHI mepe- 
KpecToK ne THMOM cCBeToopa (TpexTOYeYHBIH, YeTbIPeXTOUeU- 
HbIM HT. M.). 
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TpeTbuM 3JIeEMCHTOM ABIAeTCA aTOpHTM peryMpoBanua. KarKgoe Bo3s- 
DKHOE MONOMKEHHE CBeTO*opa OMpesenAeT HAaNpaBeHHA, B KOTOPIX pa3pe- 
€HO JBWXKEHHE, T. €. HEKOTOpPHI pexkum. B ciyuae veTbIpexcTOpoHHero mepe- 
pecTKa IIpH TpeXTOYeWHOM CBeTOope uMeeTCA 2 OCHOBHBIX M OHH MepexoyHptii. 
2KHM, IPH YeTbIPeXTOYeYHOM CBeTOope 6 ocHOBHbIX (cm. puc. 1) uw 15 nepe- 
HELIX Pe2KUMOB. 

B KaxKJblli MOM€HT BPeCMeHH TepeKpeCTOK HaXOUTCA B OMpeleneHHOM co- 
OAHHM, T. €. B HEKOTOPOH (HKCHPOBaHHOM OKpecTHOCTH MepeKpectKa Tpanc- 
pT 3aHHMaeT OTIpefeteHHoe NosoxeHHe. AnropuTM peryupoBanna mper- 


Puce. 14 


‘ABJIACT MPaBHJIO, KOTOPOe AIA Ka2xKOrO MOMCHTA BPEMEHH OMpeqeaeT PEKuM,. 
XO U3 HHMOPpMallMH O pexkume cBeToopa HM COCTOAHUN NepeKpecTkKa B Mpe- 
AJLyulMe MOMEHTHI BpeMeHH. Tak, aJIropHTMOM OyJeT CJlenyloljee MpaBuso 
ery JIMpOBaHHA: TOCJIeqOBaTeIbHO BKOUaIOTCA pexkumb A, B, J, 5, T, LE, 
axKJIbIi Ha OMpeseseHHoe yuCIO eH BpemeHH. Ilocme pexuma E -;BHOBb 
KouaeTca pexum A. IIpu nepeksmoueHHH Cc OMHOTO OCHOBHOTO pexkuMa Ha 
OYrOH BKIHOUaeTCH COOTBETCTBYIOULMH MOJTOTOBUTEIbHbIN pexKUM. 

2. H3 mpeqpiqyulero BHAHO, 4TO JIA OMHOTO M TOrO %e MepekpecTKka u 
(PYKTYPbl MOTOKAa MOXKHO IipeMIORKUTb MHOFO aJITOPHTMOB peryJIMpOBaHUA. 
AlIpHMep, eCJIH B IIPebIyULeM IIpHMepe BapbuPpOBaTb BPeMA BKJIOYCHHA OC- 
OBHBIX PCKUMOB, TO NOyuaTCA pasHble alropuTMpl. Jia Toro yToOpl 3aqaua 
Mesa ONpPeeJIeCHHEIH CMBbICI, HEOOXONMMO YCJIOBHTbCA, TO KaKHM MOKa3aTeAM 
JABHUBATb aJIrOpuTMb!. 11x MOXKHO CpaBHUBATh, OLCHHBaA CpeHee BPeMA OXKU- 
aHMA KaxKOW MalllMHbI, CYMMapHy!O 3aepxKKy MalIMH y TWepeKpectTKa B Te- 
sHHe HeEKOTOpOrO MepHoya BpemMeHu 7, MAKCHMAJIbHYIO JJIMHY BO3MOKHOH 
Tepe, CJIOMKHOCTh CXEM, PeaJIM3HPYIOWUX aJIrOpHTM, HT. W. C sTOH TouKH 
)eEHHA, HAMPMMep, MbI MOXK€M YTBeEPKaTb, YTO aJITOPHTMbI C NepHomuyecKkolt 
f€HOH PeKUMOB (aBTOMATHI 6e3 OOpaTHOH cBaA3H), BOOOMIe TOBOPA, XyxKe aul- 
)PHTMOB, YUTHIBAIOIWLAX HHOPMALLHIO O COCTOAHHN MepekpecTKa (aBTOMAaTHI, 
MeIOULMe OOPaTHYIO CBA3b C NOTOKOM), e€CJIM CTPCMHTbCA K MHHHMAJIbHOMY Bpe- 
eH OMKNaHHuA. B oOulem clyuae MaTeMaTHYeCKOe CpaBHeHHe aJIFOPHTMOB 
ENCTABIACT TPYAHY!O 3aayy, OT pelleHHA KOTOPOH MbI NoKa Janeku. Ho ecan 
ICTABUTb ABTOMAT Ha KOHKPeTHBIM MepeKpecTOK, TO BCera MOXKHO MyTeM Ha-- 
TIOMCHUH YKa3aTb ero culaOble CTOPOHEI. OHaKO SKCIIePpHMeHTHI Ha peaJIbHOM 
spekpecTKe TpeG6yl0T SosIbuIOH 3aTPaTLI BPeMeHH H Tpyya. B CBA3H C STHM BOS- 
{KaeT BOMPOC O CO3aHHM YCTPOlicTBa CO CTeHOM, KOTOPOe NOSBONMIO Obl B 
100PaTOPHHIX YCJOBHAX HaOJOLaTb 3a JBHXKeHHEM NOTOKa pH 3aqaHHOM 
ropuTme yipasnenusa. Tlocnequee, BBUAy yqOOcTBa BusyambHoro HaOsO,e- 
iA, Jano Obl ABHOe IIpeMMyIecTBO Mepe OWCHKOM aJITOpHTMOB peryJIHpOBa- 
il, IIPOH3BORMMOH Ha YHHBEPCaJIbHbIX BbIYHCJIHTCJIbHbIX MAalUHHaX. 

3. IIpu moqemupopaHun yipaBseHHA Ha MepeKpeCTKe HaM MpHXOQNTCA He- 
OIbKO yipoulaTb cuTyauuio. IIpexge Bcero MpOHCXOAUT AMCKpeTH3alHA 
TOKa BO BpemMeHH. BBeyem AuckpeTHoe Bpema ¢ = ¢, + kt. BpemenHolt mar 
BbIOMpaeTcA U3 pacueTa CpeqHeroO BpeMeHH, HeEOOXOAHMOTO B OKPeCTHOCTH 
peKpecTKa JIA Mpoxox*eHHA MAUIMHOH pacCTOAHMA, PaBHOTO CBOCH JJIMHe 
HHTepBaly Mexkay MawMHamuH. Mpl MpHHuMaeM, YTO NO KAKO NOPOXKe, 
eNUpyrouleH OHH H3 PAAOB B MOMEHTbI BPeMeHH, COOTBETCTBYIOINLEe BCEM 
JOYNCCHHBIM 3HaveHHAM k, K NepeKpectkKy M60 MOAXOAHT, HOO HE TOLxo- 
T MauMHa. Jlanee Mb BbIOpasH THM MepekpecTKa, OCTAHOBHBIIHCb Ha Xa~ 
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pakTepHOM cjly4ae YeTbIPeXCTOPOHHerO MepeKpecTKa, K KOTOPOMY apa 
yaMlbl C ByXCTOPpOHHMM jByxKeHHeM. BesnunHa ee e ei Ee 

jlo JopoxKKu AO MepeKpectKa, XapakTepHsyeTCaA BpeMeHeM ft OCCTIP oc 
HOFO IIPOXO*KJCHUA MalIMHOM STO AJIMHEI. Beanunna/ aBiadeTCA MaKCHM - 
UHCIOM J[BHXKYULUXCA MALIHH, KOTOPbIe BO3MOXKHO PasMeCTHTh Ha BCeH I a 
OpOXKKU B OKpecTHocTH Mepekpecrka. Mpi Mpeqmonaraem, 4TO gee o ae 
WY MalimnaMu B BHXKCHHH HM B COCTOAHHH NOKOA epee epexoyl . t 
mpoweccaMu pH Tporanwu c MecTa H TOPMOXeHHH Mbl TpeHeoperacM, CHHTAy,” 

IIPOHCXOAAT MPHOBeHHO. 
Tne PoEaMaen uTO ypaBsIeHHe BeLeTCA IPH HOMO YeTbIPEXTOUETHOTO” 


cBetodopa. [Ip Tako cucTeme CurHaiu3aluu OObINHO Ip aBbI MOBOPOT paspellieH 
Ha wOOOH CBeT, KpOMe XKeJITOFO, 


T. €, MO CyulecTBy MpaBblli MOBOpOT 
He ylpapanetca. Ilogtomy MbI 
mpeneOperid MOTOKaMH MallIHH, 
COBepIalOULMMH MpaBblit NOBOPOT. 

Ph bs B cumy toro B MOqeIH MMeeTCA 
cueHanob TONIbKO 8 jopowek, Kakyat WS 
KOTOPHIX MOfemMpyeT OAHY Fpyl- 
my. Bcerga MOXKHO 3a CueT NO- 
Oopa BeIHYHHbI t CUMTATb, 4TO 
rpyila cCofepxkHT POBHO OHH 

Puc. 2 pad. Hakone, asiropHTM BbiqaeT 

P@XKHMbI Ha BPCMA, KpaTHble t, IPH 

STOM HCIOIb3yeTCH HHPOPMAallHA CO BCeH OKpeCTHOCTH MepekpectkKa, T. e. 
VUHTbIBAeTCA HaJIH4Me MAaKCHMAaJIbHO 8 / MawiuH. 

Ha puc. 2 n300paxkenHa OJ1IOK-CXeMa PperyJIMPOBaHHA ABYOKEHHA Ha MepeKpectT- 
ke, MOJIO*KeHHaA B OCHOBY MOCTpoeHHA MOJeH. Cly4aiHblit MOTOK MalllIMH MO- 
TelMpyerca pH nomMoulH 8 WyMOBbIX reHepaTOpoB, CTPOOMPOBaHHbIX TAKTOBbIM 
reHepaTOpoM. OTH TeHepaTopbl alor pasM4HbIe cyualinble pacmpeleieHuA 
KOJIM4eCTBa HMIMYJIbCOB, TeHePpHPYeMbIX 34 HeKOTOPOe 3apaHee ONpeesleHHoe 
4HCIO TaKTOB. KaxkJbili HMMyJIbC «H300paxKaeT» MalIMHy, MOMOWeAUyIO K OK- 
pecTHOcTH MepekpecTKa. TakToBad 4uacToTa NOMOupaerca Tak, 4TOObI BPeMeHHOH 
MHTepBaJl tT, B HEKOTOPOM MacllTaOe H306paxKas peasbHoe Bpema 7t. lpn mojle- 
JIMpOBaHHH 7, BbIOMpaeTCA M3 CcOoOOpaxeHHH yoOcTBa BHu3yabHOrO HaGuIOJe- 
HHA. B nocTpoeHHOK MoJeiH Obl NpPHHATO t, = 15 ceK. 

B reHepaTopax npefycMaTpuBaeTcaA peryJIMpOBKa, MO3BO/IAIOULaA MeCHATb 
MWJIOTHOCTh NOTOKAa, CpedHee YHCIO MalIMH 3a ONpeleeHHbIM MpOMexKyTOK Bpe- 
MeHH HT. 1. Tak Kak Ha KaxKJOM HampaBJeHHu padoraerT OTACIbHbI TeHepaTop, 
TO MOXHO MOfeNHPOBaTb pasHble «Harpy3KM» MO pasHbIM HalpaBseHuAM. 

J\1A cueTa UMMYyJIbCOB, «H300paxKaloulux» NOAXOAAULHe MalIMHbI, ObIIM HC- 
NOJIb3OBaHbI 8 PeBePCHBHBIX JBOHYHBIX CYeTUHKOB, BBIMOJIHCHHBIX Ha peule. 
B moxeim Obwio mpunato / = 15. Kaxkgplit cueruuk men 4 paspana. Ecau 
mpoe3 Yepes MepekKpeCcTOK Ha HEKOTOPOM HallpaBJIeHHM 3alpellleH, TO COOTBeT- 
CTBYIOULHH CYeTYHK padotaer Ha cOxKeHHe. Ecam mpoe3q paspellen, TO 3a Bpe- 
MA NeHCTBHA CTpoOupytoulero UMMy/IbCa CYeTUMK MeHAeT pexKUHM padoTEl. Cua-. 
Yasla OH paooTaeT Ha BbIUMTaHHe (yXOM MaLIMHbI C MepeKpecrKa), 3aTeM Ha CJO- 
2*KeHHe. TakHM 00pa30M MOJeuIMpyeTCH BOSMOXHOCTS OAHOBPeMeHHOFO MOAXofa 
MalllMH K llepeKpecTKy H yXOjja Yepes nepexpecrox. IIpu perymuposKe reneparo- 
poB, T. €. pH BbIGOope MapaMerpos pacmpeslesenua, ciekyer pyKOBOACTBOBaThCA 
CTATHCTH4eCCKUMH JaHHbIMH O MOTOKaX Ha HMccyekyeMoM nepekpectKe. Jlerep- 
MHPOBaHHble NOTOKH MallMH MOFryT ObITb MOJeHPOBaHbI MIpH MOMOLLM nepdo- 
jeutbl. IIporaxka nepioseHTb! AOKHa ObITh CTPOOMPOBaHa TaKTOBBIM renepa- 
TopoM. J[aHHble Ha NepdouleHTy MoryT ObITb mepeHeceHbl HenocpeACTBeHHO 
c wucclekyemoro mepekpecrka. 

Ha naneau mybTa Ha6mofenua (cM. puc. 3) MpHmenumme mauinuE PuKCH- 
POBaIHCb IPM MOMOUM JIMHHM 43 15 aMn HakaMBaHHA Ha KaxKAOM HallpaBue- 
HHH. BXxObl STAX JIaMI NOAKNOYaIHCb K BEIXOLaM pevie PeBeEPCHBHBIX CueTUH= 
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/Teperpec- 


(TIOK 


OB Yepes CHeMMaIbHbIN LewwMppatrop. AnropuTm peryaupoBaHua ABHKeHHA 
feaIM30BaH B MporpaMMHoM ycrpoiicrse (/7. Y.) B yerpoiicrse yaa Ipeo6pa3o- 
aHHAa KOQOB (Y. /7. K.) B COOTBeTCTBHH C aJIrOpHTMOM MIpOH3BORHTCA OOpaboTKa 
[HpopMalluu, MOsIyyaemoli c Mepekpectka, B pe3yJIbTaTe KOTOPOH BbIpabaTHI- 
ai0TCA YkKa3aHHA MO yMpaBNeHHio MOTOKOM Mmatinu. Ha ocHopanun 9THX 
Ka3aHHH eHepHPyIOTCA CuHrHaJinl, 
KsoualolulNe cBeTopop. Ha nyabTe 
admoqeHua (pac. 3) Ha KaxkJOM Ha- 
iPaBJICHHH yCTAHOBJIeH YeTHIPexToYeU- 
BIH CBeETOMOP, BLINOJIHEHHBI Mpu Mo- 
OWlM JIaMM HaKaJIMBaHHA, MOKPbITbIXx 
BeTHbIMM KOJIMakaMH.’ O6pa6oTKa uH- 
OpMallHH, MpousBoquMaiBy. JT. K., 
BA3aHa C TIPOH3BORCTBOM apHdmeTu- Le 
e€CKMX Ollepalul, TaKHX Kak CpaBHe- Ce pore 
Me MOKa3aHHH CYeTYHKOB, OMmpexere- - = Joes cae 
we CYMMapHOrO BPeMeHH O%KMTaHuA ee ig se 
[alllMH C y4eTOM BpeMeHH MOAxosa OT- 
@JIbHOM MAlIHHbI K Me€peKpecTKy 4 T. IT. 
DynkunH JT. Y.u ¥Y. IT. K. moryt 
bITb BbIMOJIHCHbI YHHBepCasIbHOH M- 
spOBOH MalIMHOH. B cBa3H C 9THM B 
iakeTe IIpeyCMOTpeHa BO3MO2KHOCTb 
(OKJIOUCHHA  WH@pOBOH MallIHHbI 
“UOTV Bs kauectse 3BeHa, NOKa3aHHOoro 
[a OIOK-CXeMe MYHKTHpPoOM. 

Oyuako 1d MpOBepKH MHOFHX all- 
OPHTMOB, IIpeAqcTaBJIAIOUINX MpakTHye- Puc. 3 
Kui uHTepec B KayectBe J]. Y. u Y. I]. K., MOryT ObITb HCNO/Ib30BaHbI CpaBHH- 
€JIbHO MpPOCThle CMelMaIH3HpOBaHHble WHpoBble ycrpovicTBa. B mogenu Opl0 
(PHM€HEHO TaKOe YCTPOHCTBO, BbINOJIHEHHOe Ha pele. OTO ycTpovcTBo m03- 
OAIO PeaIH30BaTb MPHBeXeHHbIM BbILWe aJITOPHTM, a TaK%Ke yYCOBepPLIeHCTBO- 
AHHbIM aJITOPHTM, B KOTOPOM OCYLLeCTBJICHO BBIKJIIOUCHHE PexXKUMA JBHKEHHA 
pasy noce Toro, KaK uCu¥epMplIBaeTCA OFePeNb OMKUAOWMX MALIHH H OOKH- 
OBKa BKJIOUCHHA PeKUMA JBHOKCHHA, CCIM YHCJIO MALIMH, OXKUAIOWHX BKJIO- 
@HHA STOFO pexKUMA, MeHbIe HeKOTOpOrO 4HCIa 7 (0 < id): Uncsio j yera- 
[aBJIMBaOCb 3apaHee IIpH MOMOMWH WITEKKePHOrO yCTPOHCTBa. 


VccneqopatesibcKHH (du3HKO-TeXHHYeECKHH HHCTHTYT Ilocrynuao 
Toppkosckoro rocyfapcTBeHHOrO yHHBepcuTeta -24 IX 1959 
um. H. H. Jlo6ayescxoro 
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MEX AHHKA~ 


Axanemux VW. HU. APTOBOJIEBCKHM 
OB OJHOM KJIACCE UIATYHHbIX KPHBbIX 


Vspectuple (1) wWaTyHHble KPHBbI€e MOMKHO paCCMaTpHBaTb KaK KDPHBbIe, 
orvOaloulNe pA MoO*KeHHH OTACNbDHBIX TOYeK, NpHHalviexkallux WaTyHHOR 
nockocTH. Huxe paccMaTpHBaloTca WaTyHHble KPHBbIe, ABJIAIOULHeECA OrHOalo- — 
IMMMH TIpAMbIX, MpWHadwexalluX WaTyHHow nmockoctTu. IlyctTb B NwocKocTH 
watyHa BC (puc. 1) Bbl6paHa pov3BouIbHad npaMad uw—u. OnycTuM 43. 
Trouku A nepnenyukyiapp) AF u AE wa npsampleu—u u BC. Torja ypas- 
HeHve CeMeHCTBa TIpAMbIX “—wu OyyeT _ 


xcos§+ ysin§ = p (1) 
WIM 7 
xcos (9, + 7) + ysin (0, + y) = picosy + (Va? — Daa C) Sea (2) 


rie p= Arp, = AE, €e= BG u a= AB: 
Haliqem uacTHy!o Npov3sBozHyI0 no Mapametpy 9, oT BbIpaxKenua (2) 
; . Opry te) . 
y cos (8; + 7) — x sin (6, + 7) = ae cos ¥ — Va sin Y. (3 


Orpe30K Pp, MOxKeT 6bITh BbIPAKeH Yepes MapaMerTpbl MexaHy3ma (puc. |). 
Belem oGo3HayeHna: AB=a, BC =b, CD=c, DA=d,a@4+60?4 d?— 
src? =m? 2bd = k?, 2ad.= 1?,,2ab =t* n.d’? +b? —n*. Torta orpesow. pa 
MOXET ObITb TpeCTaBJIeH Tak: 
: __ d(m? — k* sin 0;) cos 0; 4 
oie 2(n?—k? sin 8) 9 -— ( ) 
nye d? (m? — k? sin 01)? cos 0° — (n?—k? sin 0;) [(m? — k? sin 8;)* —4a? (b — d sin 8,)?] 
“= 4 (n? — k? sin 04)? : 
SHak y BTOporo useHa BbIpaxkeHua (4) BbiIOupaeTcH B 3aBMCHMOCTH OT 
yCIOBHH COOPKH Me€XaHH3Ma, TaK KaK KaXXJOMYy MosloxKenuto sBeHa AB coor- 
BETCTBYIOT [Ba BO3MOXKHBIX IOJIOXKCHHA OCTAJbHbIX 3BeHbeB. B abHewem 
PpaccMOTpeHO MOIO%KeHve, NOoKa3aHHoe Ha pue. |. 
Uactnan npouspoquasa Op, /00, = ‘Y Syger papna 


P=R+T+P+Q4+S, (5) 
rye 
ea d [k? (sin? 0; — cos? 9;) — m? sin? 6;] _ a? cos 9; (m* — k? sin 8) | 
2 (n? — k? sin 0;) (n? — k? sin 0;)2 : 
Te bd cos 0; (m* — k® sin 0,) [2n? + (m® — k® sin 0;)] 
~-2(n?—? sin®1) V d?cos?0, (m?— k?sin0,)?—(n?—?sinO,) [ (m?— ksin0,) —4a? (b—dsin®@,)?] ” 
jee d? (m® — k® sin 03) cos 8; [(m? — k? sin 01) + bd cos? 0] 
2 (n2—k?sin®,) V d®cos? 0; (m2— k®sin®1)?— (n?— k?sin@y) [(m2—k? sin®,) —4a? (b—d sinQ;)? : 
Oe 2a°d cos @, (6 — d sin 8) [b (6 —d sin 0) + (n? — k? sin 6,)] 


(n?—k?sin0,) V d?cos?0,(m?— ksin 04)2— (n2— k®sin®1) [(m°— k?sin®;)—4a? (b-—dsin@,)?] s 
(me bd cos®,V a? cos?@, (m*— k® sin 01)?>— (n?— k?sin @,) [(m?— k?sin@,) — 4a? (b — dsin 03)?], 
(n? — k? sin @,)? a 
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| ae area (2) n (3) ¢ yueTOM ypaBHeHHA (5) NosyuaeM flapamerpu- 
pen ypaBHeHHA ANA ornOalomeh KpHEOH B dopme x = x(8,) u y= y(%)- 
| x = [p,cos (8; + 7) — Fsin (6, + 1)]} cos y+ , | 


ae [ Vp —e) cos (0; + 4) + PE sin (6, + 9) |siny, (6) 


V a — p? 


y = [pi sin (6, + 7) + Ycos (0; + y)] ccs + ee > 
“2 iG — p? —e)sin (6, + y¥) — ya cos (0, + ”| sin 7. (7) 


2 
acca Fi 


iz ypaBuenuit (6) u (7) cmenyet, uTO moOad NpAMasd WaTyHHO ' HO 
Pe NapaJJebHad NpAMoH u—u, OyfeT UuMeTb B KayecTBe orHOaloulen 
MBylo, oOlpefenemylo ypaBHenusmn (6) H (7), H, TaKHM OOpasom,} As 


Pue. 1- Pue. 2 


CNEMOBAHMA OFHOatoWIMX MOXKHO IIpHHATb B ypaBHeHuax (6) (7) e="0, 
_€@. paccMaTpHBaTb culyyal, korfa MpaMat w—wuU NPoxomHT yepes 
uky B. Ecam nanpaBnenue mpsmMoH u—wu copnagaeT c Hnanpapnennem BC 
aTyHa, TO yron y= O u ypapHeHua (6) un (7) TipWHUMaIOT BUY 


x = p,ccs8, — V sin 9,, (8) 
y = p,sin§9, + cos 4,, (9) 


le p, u VY onpepenstotca u3 ypaBnennu (4) u (5). 
Ec BefyUIMM 3BeHOM BbIGpaHo 3BeHO AB, TO yrol a® NoBopota store 
eHa (pwc. |) cBa3aH c yrsiom 9, ycoBHeM 


m? — k? (r? — t?) cos a (10) 


Cos'0, = : 
one ?2 sin o 


Paccmorpenubifi Kilacc KpMBbIX MO%KHO HasBatb WMHEHHO Or HOato- 
He WaTYHHbIe KPUBbe, Up STOMB KayecTBe JIMHMM BbIOpana TpsMas. 
OCTpoeHHe 9STHX KPHBHIX TO TOUKAM MOMKET ObITh CfevaHo CweAYIOULNM 
Spasom. Haxoyum (cM. prc. 2) MomoxwKeHHe MrHOBeHHOFO WeHTpa BpallennaA 
3eHa P vw uz TouKH P onycKaeM NepleHukyJAp Ha NpAMytO U — U. Touka G 
7eT TOUKOH, UpHHasexameh KpHBOH, WaTyHHO ornOarollel IpAMy!o u — u. 
YHKUMH p,; = p,(0,) nw Y= (6), ompezensemble ypaBHeHHAMH (4) u (5), 
YT ObITh. TpefcTaBJIeHbI TeOMeTPHYeCKH. Orpesok AE = p (pue. |) Bp 
JIHUM B Bue 3BeHa AN, CKOJb3aero B MOJI3yHEe M, Hnatpapssroune 
yTOporo oOOpa3syloT MpsAMOM yrou. CrponM jlaslee NOBepHYTHIM NaH CKO- 
yeTelt pbc ocHopHoro MexaHu3sMa ABCD u jlaslee HaxOAMM OTHOCHTEJIbHbIC 

6* 3 


ckopocru cKouDkeHua 3BeHa M Baosb oce 3BeHpbes BC u AN, OrpesoK pt 
nmoBepHyTh Ha yrom 90°, mponopiMoHaleH BeJIMdHHe YW B paccMaTpHBae 
MOM TIOJIOKe€HHH MeXaHv3Ma. “ 
Teomerpnyueckumu Mectamu Touek F u £E (puc. 1) OyzyT nofxepbl pac 
CMaTpHBaeMbIX JIMHeHHO OrHOalOulHX IWaTYHHbIX KPHBbIX, CCIM B Ka¥vecTB 
mouoca Mofep BbIGpaHa Touka A. Ilojepa, sABMAOladcA TeOMeTPHUeCKH) 
mectom Touek £, MoxeT ObITb BOCMpOH3BeeHa MeXaHH4eCKH KaK TpaeKTOPHs 
Trouku E nom3yua M (puc. 2). Ypapnexnusa sto nofeppl B napaMeTpHyeckol 

(popMe 
x= — p, cos 9,, (11 


y = p, sin, (12 


rye py Opefersetca ypapHenHem (4). YpaBHeHHA MO,epbl, OMMCbIBaeMO! 
toukoH F (puc. 2): 


x = —(p,cos7 + Va? — p®siny) cos (8, + 7), (13 
y = (p, cosy + V a? — p?sin y) sin (8, +- 4), (14 
rye py TakxKe oNpeflessetca ypaBHeHnem (4). 
Tloctynuao 
21) MIPS1959 


WHMTHPOBAHHAS JIUATEPATYPA 


_ TH.W. Apro6onesexuid, H.W. Jlepurckuk, C. A. 4epKyaunoek 
CuHTe3 NWOCKHX MexaHH3mosB, 1959. 
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Jokuanp Akanemun uayr CCCP 
1960. Tom 132, Ne 4 


ACT POHOMH Al 


| B. B. BATKEBHG, A. J. KY3bMHH, P. Jl. COPOUEHKO u B. A. YAJIbILOB 


PAAWMOACTPOHOMHYECKHE HABJIIOJEHHA 
BTOPOM COBETCKOM KOCMHYECKOM PAKETbI 


(IT pedcemaenexo axademuxom JI. B. Cko€eacysineim 28 I 1960) 


1, Iupoxo pacnpoctpanenubili B paquoacTponomun payuountepdepenunon- 
lm MeToy (*~*) HCNOub3yeTca DJIA OMpeleseHHA KOOPAMHAT JHCKPETHBIX HCTOU- 
KOB PpaHOH3JIyYeHHA, WIA HCCIEOBAHHA HEOAHOPOAHOCTeH MOHOCHepHI, AVIA 
(peqeeHHA KOOPAHHAaT HCKYCCTBCHHBIX CIYTHHKOB SeMJIM HT. I. STOT MeTog 
ea IIPHMe€HeH HaMH WIA HaOmOLeHHH 3a pawHOCMrHasaMu BTOPO coBeTCKOH 
(CMMYeCKOH pakeThl, RocTurmes JIynp 14 1X 1959 r. Biwa u3mepenpi yrvio- 
1€ KOOPAHHATHI KOHTeHHepa C HayYHOK allapaTypou, a TakxKe MHTCHCHBHOCTb 
er achons CurHala HW ONpesesieH XapaKTep H3MC€HCHHA HHTCHCHBHOCTH BO 
peMeHH. 

2. Ha6Omoqenua MpOBOHJIHCb Ha YaCTOTe H3JyYeHHA NMepeqaTunka, ycTa- 
DBJICHHOrO B KOHTelHepe, 183,6 Mry. Mcnonb30Baica paquonnTepdepomerp, 
DOOHbIM y2Ke OMMCaHHOMY B JHTepaType (°), C BBeECHHeEM HEKOTOPHIX HeCyLe- 
BeCHHbIX H3MCHCHHH, CBASAHHbIX C HeEOOXOAHMOCTbIO CY3HTb MosoOcy paHo- 
puema. IloHATHO, 4TO eCJIM Mp MpHeme CHrHada WyMOBOrO XapakTepa uyB- 
‘BHTCJIbHOCTb allllapaTypbl YBeJIMYHBaeTCA MPOMOPWHOHAIbHO KOPHIO H3 
MP HHbI MOJIOCbI IpHeMa, TO IIpH IpHeMe MOHOXPOMATHUECKOrO CHrHaa YYBCTBH- 
JIbHOCTh OOPaTHO IPONOPIHOHaIbHa KOPHIO KBalpaTHOMY M3 WIMpHHbI M0- 
pcbl. Hamu HCMOb30Baacb MOmOca Mponyckanua mMpHemunKka 10 xru. Ilep- 
IH WH BTOpOl reTepoqHHbl OblIH CTaOMJIH3HpOBaHbI KBapleM. Y KaxKOH U3 
syX AHTeHH, MpefcTaBlaomux coOoh yceyeHubie Napa6ommueckue 3epKasa 
pa3mepamu oKos0 200 M? KaxkJblH, PpasMellaIMCb YCHJIHTeJIbHbIC TOJIOBKH C 
osppuiHeHTOM Wyma oKoOO 5. IIpuem ocyulecTBIAsICA MO MeTOLy as0Bon 
piyiaunu. Jia pa3qeieHua H3MeCHeHHM aMIMINTYAbI CHrHala, OOYCJIOBJeH- 
bIX H3MCH€HHeEM HallpaBJIeHHA Ha HCTOUHHK MH H3MCHEHHEM HHTCHCHBHOCTH 
AMOrO HCTOUHHKA, HCHOb3OBAaJICA CIBOCHHBIM palMOHHTepdepometp, ONHCAaH- 
pli panee (°), Paccrosune Mexyy aHTeHHaMH COCTAaBIAIO 175,9 mM, 4TO cooT- 
STCTBOBAIO YIOBOK WHMpHHe OMHOFO WeMecTKa 32’ (pH HOPMaJIbHOM ayeHHH 
HI). AHTCHHBI ObIvIM paCHOJO%KeHb! MPHOMM3SUTeIbHO B HallpaBJIeHHH BO- 
OK — 3allay, MW MPHHWMaJIM CHTHaJ C TOpHsOHTaIbHOH MOApHsauneh. Compo- 
XKleHHe AHTCHH 3a KOHTeEMHEPOM HM OlpeyeseHve HOMepa viellecrKa HHTepde- 
HI[MOHHOM fMarpaMMbl (MopsyKa MHTepdepenwHu) MWpOusBOAMIMCh NO Weme- 
a3aHHAM, MOyyaeMbIM H3 KOOPAMHAIMOHHO-BHIYMCIUTebHOTO WeHTpa. 
3. Tipu nomomu paquonntepepometpa HemocpexcTBeHHO H3MepseTCH yTOU 
Mey HalpaBseHHeM Ha MCTOUHHK CHTHada H HOPMAaJIbIO K Oa3e payMOHH- 
-pcbepomerpa. Beruuuna B onpemensetca yepes HOMEP JereCTKa n MW MapaMeTppl 
HTepepomMeTpa COOTHOLIEHHEM 


sinB = -——-(n— 1), (1) 


ie } — wuna BOJIHbI NpHHuMaemoro curHasia; D — 6a3sa unTepdepomerpa, 
— TlapameTp, oOMpesesaemplli pasHOCTbIO SJIeKTPHYECKUX JWIMH OT KaxKJOu 
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43 aHTeHH MO MecTa clowKenUA CurHaoB. IIpH paBHbIX S/IEKTPHYECKHX AVIKHA, 
; 

4 = 0. 
' A3umyT uecrounuka A cBa3aH C yrvioMm B COOTHOLIeHHeM 
sin8 = sin ycosz + cos ysinzsin(A — 8), (2 


rye 2 — 3CHHTHbIM yroJl HCTOUHHKAa; Y = 2°44’ — yroul MexKy TOPH3OHTAJIb! 

HOM MIIOCKOCTbIO H MpoeKwHel Oa3bl Ha BePTHKAJIbHY!O MMOCKOCTb, MpOxopw 

HLyIO Yepe3 JIMHMIO BOCTOK — 3amag; 9 = — 14’ — yrom MexKAYy JIMHHeH BO! 

eTOK — 3allaq uw Mmpoekuuel Oa3bl Ha TOPH3OHTAJIbHY!O MIJIOCKOCTH, 
Torga 


cosysinz D 


(n—n) —tgretgz]. (3 


A=6-+4 arcsin 
M3 natu mapamerpos (y, 9, D, A uy), BXOMAULHX B COOTHOUIeHHe (3), ONME 
napaMerp 7 ONpesemaerca yacTOTOH u3siyyenua C MompaBKoH Ha appext Jon 
muiepa. Tpw apyrue i, 0u D, aBaatoulNeCA MOCTOAHHBIMH, ONpeweAIMCh reose 
3H4eCKOH CbeMKOM B3AaHMMHOFO pPacMOOKeHHA AHTCHH H YTOYHAJIHCb IOCTHPOB: 
xo. Ilapamerp 7, 3aBMCaLuit OT 9IEKTpHYeCKHX NIMH KaOemeH HU PasOBbIX Xa 
PaKTePHCTHK BXOJHbIX KaCKaOB, MOXKeT H3MCHATbCA BO BPeMeHH, MH MOITOMY 
onpeqenasca Mepeyq KaxkUbIM HaOOeHHeM. 


lOctupoBpKa payuounTepepomerpa MpoH3sBOqMacb HO HHTeCHCHB. 
HbIM KOCMHYCCKMM HCTOUHHKaM pamMousiyyenuA JleOeqn-A, Teneu-A 
uw Jiepa-A, MpHHATbIe MIX KOTOPEIX SKBATOPHabHbIe KOOPAHHATh 


(asmoxa 1959,5) u moToku paquou3sryyeHua p MpuBezeubl B Tabs. |. 


ees 4. YsepeHHpi mpuenr 


Pe 


CHrHaa pH npHOsHxKeHHI 


q : K JlyHe 20 MOMeHTAa BCTPeUrE 

MctounuK date es %1959,5 1959,5 MOSBOIH HaexKHO onpese 
JIMTb BPCMA BCTPeyH C JIYH 

HOH MOBeEpXHOCTbIO HU 06 

JIe6enp-A 70-40-24 | 19*58™058 | +-40°36’,5 P 
ee saunotes 5r3o™ogs_ | 21°59) WacTbh MpHyHeHHA KOHTeH 
Tlesa-A 9.40-24 42hog™y7s 42°34’ Hepa Cc Hay 4HOU allmapaty 


Konua 


pou. HHTepdepew 
HWMOHHOH 3allMCH CHrHasla Ha KOH€YHOM y4acTKe TpaeKTOPHH MO OfHOMY UX: 
APHEMHbIX KaHaJIOB IpuBeqena Ha puc. |. B moment MpekpallleHua curnamé 


49 54 
30 53 
WN 

| | a Ss hs ra 
Ix a & SS wl ® su6Sl (S) s 
S S S AP ube ec ee Sy Sus S 
a eee Fhe ons OS age ange NOR Oates 
a s soaiiis & > X 
R S iN og 

SS a > 

Ne XN 


Puc. 1. MureppepenuvonHad 3anucb curHaa pu MpHOmmKeHHu KOHTeHHepa kK JlyHe. 
A— MomeHT tpekpaulenua curuasa 


CHHYCOHaIbHbIM XapakTep 3allucu, O6ycOB/IeHHEIM MHTepdbepeHunel, cme 
HHJICA SKCIOHCHUMAIbHBIM CMaOM, BbISBAaHHBbIM MIpeKpallleHWeM CHrHama uM Ha 
JIM4HEM MOCTOAHHOM BPeMeHH. TOT Hepexoy OTYeTIMBO BULeH (puc. 1, touxaA 
M oMpeeiaeT Bpema WpekpauleHun curuasa O uac. 02 mun. 22 cex.-++ 1 ceK 
(14: TX" 1959. eps). om 

C yueToM BpeMeHu pacnpocrpanenusa curnana or JIyupt go 3emau, paBHor 
1,2 cek., 9TO COOTBeTCTByeT BpeMeHu BCTPeuH KOHTeHHepa C JYHHOK mMopepx 
HocTbIO 0 yac. 02 mun. 21 cex.-+-1 cex 
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}|) Bpema npexpamenua curnana (G uac. 2 MH. 22 ceK.) cooTBeTcTByer HOMepy 
fenecTka n = 53,43. [la storo 3Hayenua KpuBasa A (z, n), paccuuTaHHaa Mo 
popmyvie (3), MepeceKaeT BH- 
|LHMbIM WHCK JIyHbI. 
'' IIpu nmepecuete B ceneHo- 
(paduyeckue KOOpAMHAaTHI Cc 
WW4eTOM OUIMOKH H3MepeHHii 
pasHok + |’ npu ycpeqHenuu 
HHECKOJIbKUX OTCYETOB) 3Ta JIH- 
HA TpaHcpopmMupyerca B O6- 2 
acTb, MOKa3aHHylO Ha puc, 2 
TPHXOBKOH. ae fie 
C yuyerom janupix, nonmy- 28 [a ° Be, 20° 30° 0° 0 0 Ba 
HICHHBIX ABTOMATH3MPOBaHHbIM | 
3MEPHTeJIbHbIM KOMIIJI€KCOM 
(8), culeqyerT cuuTaTb, 4TO paii- av 
(OHOM IIPHJIYHeCHHA KOHTeli- 
epa Cc Hay4dHOH alnapatTypou 
MABJIACTCA OOaCTb, yKa3aHHaA 
Ha) puc. 2 ABOHHOH WTpHxoB- 


KS LY 


molt. Cenenorpatuyeckue ko- SWZ 
i Bea WeHTpa sToH oOsacTu 80 i 
icleqyroujue: wupota + 30°, 


aomrota —3° (kpatep Apxu- Puce. 2. []puayHenve KOHTeHHepa. OfuHapHaa wTpn- 

XOBKa — JJaHHble payquouutTepdepometpa. 5b — fanuHble 
| en). aBTOMaTH3MpOBaHHOroO kKomisiekca (°); BOMHAA WITpH- 
| 5. MHTeHCHBHOCTb IIPHHH- xosBKa— o6mactb «IIpHJlyHeHHs KOHTeHHepa. Koop- 


MaeMoro CHrHaJla Ompelea- WMHAaTbl CcesleHorpaduyeckne 

aCb CpaBHeHHeM C H3BeCTHBIM 

u3myyeHuem KOCMMYecKoro ucTOUHHKa JleOeqb-A. BpemeHHaad 3aBHCHMOCTb 
M3MCHeCHHA CHIHala, MpHBeeHHOrTO K H30TPOMHOMY H3/y4aTemIO, HaxXO_aAe- 
yCad Ha paccTOAHMM KOHTeHHepa, NpuBesena na puc. 3. 


P=p4r Re 
Jd 


0 2 , 


35 


go 


I9°20” 40" 20°00” 20" 40" 21°00” 20” W” Le” 20” 40” 200" 20" 40" 24°00" 20" 40” 
t 


Puc. 3. Bpemenuoli Xom USMeHeHUA CHTHasa c HcKsOYeHHeM aera paccToAHuA. 
ae 12 IX—13 IX 1959 r.; 6— 13 IX— 14 IX 1959 r. 


Ha6mionanocb HECKOJIbKO XAPAKTEPHbIX TepHOOB M3M€HCHHA MHTCHCHB- 
HOCTH CHPHala: MaJibIli OKOsIO 45 .cek. H OoO/bUIOH 45 mun. 12 1X 1959 r. u 10— 


13 mun. 13 IX 1959 r. 
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Hanuune rny6okux 3aMupauuit curuana MoxeT ObITD O6yCJIOBJIEHO TlepHo- 
AMYCCKHM H3MCHCHHEM OPHeHTAIHH KOHTeHHepa Hu addekTOM Mapagen B HOHO- 


ccpepe. 


@usnueckui uucrutyT um. IT. H. Jle6enesa Tloctynuso 
AxkaylemuH HayK CCCP 2 X 1959 


IHTHPOBAHHAS JIMNTEPATYPA 


1B. B. Butkesuy, Acrp. *KYypH., 29, Ne 4, 450 (1952). ? Nature, 180, Ne 4592, 
879 (1957). °B. B. Butxkesuy, PaywotexH. Hw aneKTponnKa, 3, Ne 4, 478 (1958). 
“B. B. Burkes ua 10) JI. Ko x yPuH, Paguotexu. nu aeKTpoHuKa, 2, Ne7, 826 
(1957). 5B. B. Burxesur u, Tp. 5-ro copem. mo BolpocaM KOcmoroHuH, M3y. AH 
CCCP, 1956, crp. 14. ® B. B. Burxesu 4, JLAH, 86, Ne 1, 39 (1952). 7B. B. Bur 
KeBuu, TO. JI. Kok ypuu, Paguotexu. u gNeKTpoHHKa, 3, Ne 2, 1373 (1958). 8 Coo6- 
meHHe TACC, IIpapna, 21 IX 1959. 
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ae oe. 


oxuaye Akagemun nayx CCCP 
1960. Tom 132, Ni 4 


ACT POHOMH 1 


A. A. HAKHTHH 


OB OJHOM BO3MO)KHOH OLEHKE TEMMEPATYP 
LOPAYHX 3BE3/1 MO XAPAKTEPY IMMCCHOHHOLO CIEKTPA N Ill 


(IT pedcmaeazeno axademukom B.¥T. Decenxoseim 3¥171960) 


B cnektpax 3Be3q Tuna W — R (+), neKoTOpbIxX HOBBIX (), a TaKxKe B CeK- 
pax pala MaHeTapHbiIx TyMaHHocTeli (*) HaOmoqaloTCA JIMHMH 9MHCCHH 
| III, orHocauyweca k AByM rpynnam. Oqnarpynna MH O6yc0BeHa Mepexo- 
MH M@KLY YPOBHAMH OCHOBHBIX KOHurypauul 2s" + n (s, p, d, f,...) u 
opad CBaA3aHa C YpOBHAMHM KOH®urypaunh 2s2p (?P) +n (s, p, d,...). Xa- 
AKTeEPHbIMH IIpeACTaBHTeJIAMH STHX PpyNn aABatioTca WHHUH A 4640 (3 2P— 37D) 
| 4514,89 (3s 4P — 3p 4D) u gp. 
_Tloassenne TlepBoH TpyMMbl JMHHM KayeCTBeHHO OObACHAETCA COBMCCTHBIM 
SHCTBHEM MeXaHH3Ma peKoMOHHallHH u cbryopecieHTHOrO MexaHu3mMa Boy9sua;. 
bACHCHHE MPOHCXOXKJeHHA BTOPOH TpyNMbl B MpegqMONORKeHHH PeKOMOHHA- 
OHHOrO XapakTepa CIleKTpa CTaIKuBaeTCH C OObUIMMH TpyqHOCTAMH (‘). 
CHOBHAA TPYAHOCTb COCTOHT B TOM, YTO B TAKOM PCKOMOHHALHOHHOM Mporecce: 
€KTPOH JOJ2KeH ObITb 3axBayeH HOHOM N IV, Haxo,AWIMMCA He B OCHOBHOM 
21S), HO BO36yxKReHHOM (NOTeHIMan BO36yxKeHHA ~ 8 9B) COCTOAHHH. 
2p =P; xOTA 3TO COCTOAHHE HM CHJIbHO MeTACTaOHJIbHO, OHAKO BpeMaA Mpeosi- 
HHA aTOMa B H€M OrpaHH4eHo, 
| H3 coo6paxkennit crauMonapHoctHu, OfHaKO, cleqyeT, YTO, KAKOB Obl HH Obl 
e@XaHM3M OOpasOBaHHA STHX JIMHHH, HEOOXOUMbIM yC/IOBMeM ero adppeKTuB- 
OCTH JOJDKHa ABHTbCA CpaBHHMOCTb 4HCJIa HOHH3alHH atToma N III c Bpi6po- 
M 2 p-3JleKTpoHa Hu OOpasoBanua N IV Bcoctosuuu 2s? 1S c yncs1OM ero HOHH- 
mH c BEIOpocom 2 s-seKTpoHa u OOpasoBanua N IV B 2s2p *P_ cocTosHun. 
BbIicHHM, IIpH KaKHX yCJOBHAX OyeT HMETb MECTO 9Ta CPaBHHMOCTb. 
Kosddbunnert mormoujenua N III, caa3aHHbli c BBIOpOCOM 2p-3/1eEKTpOHa, 
plJl HAMM BbIUHCJICH Tp MOMOLH BapHalMOHHbIX BOJIHOBLIX PYHKUMH Qc 
OMpaBKOl 3a AUCTOPCHIO 3eKTPOHOB, He yUaCTBYIOWHX B Nepexoge. Acummro- 
U4eCKOe BbIParKeHHe eFO y paHHI{bl CepHH HMeeT BHI!) 


Vp 


ay 28200 2P— Ds2kd PD 2S) a La jae 


v 


IIpH BbryHCeHHM G,, CBA3AHHOFO C BHIOPOCOM 2s-9N1eKTPOHA, ObIsH PaccmoT- 
CHbI Be BO3MOXKHOCTH: OOpasoBanHe uona N IV Bw cocrosuuax 2s2p *P u 
s2p.4P. Yuer atoro appekTa Mpou3sBoquicA MpH MOMOMUM TeHeasOrHyeCKUXx 
oa(pHIHeHTOB, JaHHbIX B (°), a TaK2Ke COOTBETCTBYIOU[MM BbIGOPpOM paHaJb- 
BIX 4WACTeli BOJIHOBLIX PYHKUMH (°); NOMpaBka 3a CUeT WHCTOPCHH TaK?Ke OLe- 
uBallaCb H OKa3alacb MpeHeOpexHMO MaJIOl. 

AcummtTotuyeckoe BbIPaxKeHHe JIA G, B MepBOM Cily4ae ObIO 


v 0,2 
ay (2s? 2p 2P — 2s 2p (8P) kp *SPD) = 2-107!" ea ; 


[PHOMKEHHO MOMKHO CUHTATb ay = 2 -10-1° nlocTosHHBIM. 
89: 


"Bo BTOpOM culyyae 3HayeHHe a, Y TPaHHI{bl CEPHH PaBHAJIOCh 


ss 2 
dty (2s? 2p *P — 2s 2p (8P) kp *SPD) =~ 10-™ [= 


Tlomoxum, uto atompt N III Haxogatca B Tome paqualHH, OMHMCbIBAeMO 
opmyolt _Tlmanka c Temmeparypow 7. Hatiyem, Npu KakuXx T OyneT uMeT 
MeCTO yKa3aHHaa BbIIIe CpaBHAMOCTb OGoMX Mponeccos HOHHsanHH. M3 paBeH 
CTBa 


,HaXOJLHM HYHOe COOTHOLMIEHHE 
i + Q0,kT + 2 (kT)? = al gels iiar; (1) 


I, = 47,4 98, /, = 55,8 98 — norentuanbt vonn3anHH N III c BeiOpocom coor 
BeETCTBEHHO 2p- nu 2s-31eKTpoHOB (B cocTosHHe °P N IV); a ~ 2, Kak 3TO cre 
Wye? H3 ONeHOK G,, WaHHbIx BEUMe. Ip T~ 5-104 npasasa wach (1) cyuecTBeH- 
HO OOvIbIle seBOH — HOHH3alHA ¢ BbIGpocom 2 s-31eKTpoHOB Maa. Ecuu 7 
3aKmoyeHo Mexyy 10° nu 2-105, ro uncno nonusauui N III ¢ Bpr6pocom 2 s- 
3JIEKTPOHOB HW YHCJIO HOHH3AILHH C BbIOPOCOM 2 p-3JIEKTPOHOB CpaBHMMbI MeKILY 
coOolH, H MlOTOMy B CIleKTpax 3Be3, H TYMAHHOCTei C TaKOM BbICOKOH Temmepa- 
TypoH caelyeT omkuaTb NosBsenua AnHuM N III Bropow rpynne; Haodopor, 
MOABJICHHE B CI€KTPaX 3Be3] 9ITHX JIMHHM TOJDKHO ABJIATbCA HHAKATOPOM BbL- 
COKHX TeMIepaTyp PaCCMaTPHBaeMbIX OOBEKTOB. 

Ecau o6patutpes K 3Be3qam \V — R, u3yueHHbIM B (1), TO MOXKHO 3aMeTHTh, 
YTO B CII@KTpaxX TaKHX 3Be3q, KaK BD + 37,3821, BD + 35,4001, koropphim mpx- 
MHCbIBaeTCA BbICOKaA HOHH3AlMOHHaA Temlepatypa (~ 10°), BecbMa HHTeHCHB- 
Hbl HHA N III Bropo# rpynmer (cyMMapHad HHTCHCHBHOCTb B MpOM3BOJIbHOM 
“‘WKasle paBHa COOTBeTCTBeHHO 121 u 88); HaoGopoT, B cnekTpax BD + 35,3987, 
BD + 38,4010, koroppim s (4) mpunucerBaioTca Oouee HU3KHe TemMepaTypHt, 
CYMMapHaA HHTeCHCHBHOCTb JIMHHH BTOpOH rpynnpt Maa (23 u 31). 

B cnextpe Hosoi Tepxyseca 1934 r. na6mogenuamu (*) OOHapyKeHb! [BE 
-AuHuK N III sropok rpynna A 4510,92 u 4514,89 (3s *P — 3p 4D) napsany ¢ 
JIMHMAMH NepBok rpynnsr. IIpucyrcersue sTux MH, Hapany c mMHuaAMH [Ne V], 
‘O IV, rospoputT 0 BBIcoKol TemMepatType O60uI0UKH HOBO B STO BpeMaA. 

B cmektpax ManeTapHblx TyMaHHOcTei, Takux Kak NGC 2440, 7009, 7662. 
MO JaHHbIM (*), TakxKe HMeIOTCH YKa3aHHble JHHHM BTOPOH rpymnp (oTO*RKMEeCcT 
BJICHHE, Ha Halll B3IIA, MHCKYCCHOHHO), IpH4yemM Apa BCeX 3THX TYMAHHOCTE! 
MMEIOT TemMepatyppr ~ 10°. Bomee TouHbIe pacueTHI Tpeby1oT Oomee TeTaIbHOr’ 
“SHaHHA XapakTepa pekoMOuHauMOHHOrO cneKTpa N III. 


Tlocrymuano 
31 XII 1959 


WMTHMPOBAHHAS JIMTEPATYPA 


'L. Aller, Ap: J., 97, Ne2 (1943). 8D. Swings, O.Struvie. Ap. eu 
No 2 (1940). SA. Wyse, Ap.J., 95,Ne3 (1942). 4A. A. HuxurTan, AcTp. 2KypH. 
Ne 5 (1959). ®L.Goldberg, O. Klogston, Phys. Rev., 56, Nel0 (1939) 
‘*R. Bacher, S. Goudsmit, Phys. Rev., 46, 948 (1934). 
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Moxnaanp Akapwemunu nayKk CCCP 
1960. Tom 132, Ne 1 


MATEMATHYECKAA PH3HKA 


H. H. TOBOPYH 


O EXWHCTBEHHOCTH PEWIEHHA WHTELPAJIbHbIX 
YPABHEHMM TEOPHU AHTEHH (MEPBOTO POJIA) 


(IIpedcmaereno akademuxom H. H. Bozoawboeom 38 I 1960) 


B pa6ote (') Opium NomyyeHbI HHTerpadbHble ypaBHenua (11) u (12) Ppen- 
OJlbMa IlepBOro pOfa AVIA MJIOTHOCTH 3JIEKTPH¥eCKOFO TOKa B AaHTeHHe, Mpey- 
TaBaiouleH COOoH Teo BpalleHHaA C MMMeqaHCHOH MOBepxHOcTbIO. B AaHHoli 
yaSoTe pacCMaTPHBaeTCA BONPOC O EMMHCTBEHHOCTH PeUIeCHHA yKa3aHHbIX HH- 
ferpaJIbHbIX YPaBHeHHH JWIA Cly4yad HeaIbHO MpOBOAAMLeH AHTCHHBI. 

IIpunatst oOo3HayeHua: S — MOBepXHOCTb aHTeHHbI; G — OOMaCTb BHYTPH 
ree; D — oOmacTb BHe S; cucTreMa KOOpAMHAaT WHIMHApHyecKan (2, p, 9); 
ICTAaJIbHbIe OOOSHAYeHUA Te 2%e, 4TO HB (1), TOMbKO Be3ge C, = CG = 

[Ipeqnomaraerca, uTO NoBepxHocTbh S uw paccMaTpHBaemble (yHKUHA Ha M0- 
epxHoctTH (FE; u j) YROBMeTBOpAIOT BCeM YCJIOBHAM Tvla\KOCTH, HeOOXOJ.MMbIM 
JIA CYULCCTBOBAaHHA HW CAHHCTBCHHOCTH PelICHHA BHeLIHeH KpaeBOH 3aa4uH 
SJICEKTPOMHAMHKH (CM., Hallpumep, (°, °)). 

1 YpaBHeHHe AAA NMOTHOCTH MECPHAHXOHAALHOTrO 
TOK a (ypaBHenue (12) padornt (')) 


\ 


\ | cos 6’ oe + sing’ (S24 °y)| {Po'dl’ + tws \ a IE See Ae) 
ik i 


Zz 


STO ypaBHeHHe COOTBETCTBYeT CJly4alO OCECHMMETPH4YHOFO NOMA C MpOROIb- 

HbIM BO3OyKTeHHeM 3eKTpHuecKkoro Tuna H = {0, 0, Hy (9, z)} uw Momyuaetca 

(1) 13 TpeOoBaHHA paBeHCTBa HYIO Ha OCH Z B OONaCTH G NpOH3BOAHOU M10 p 
T MarHHTHOrO BeKTOpa MOA 

| OH, 


| ane = | 
| dp ? (1) 


e=0 


| 
eo eeMore (bopmyioh Crpetrona — Uy fia BHellHeH 3ama4H. 
_ Kpome toro, 43 ypapHenuit Maxcsenna caenyer, uro 'H. yoBmeTBopsxerT 


hy PaBHeHTI 


PH. 4 9 puoH ‘i eS 1 
ie 7 ee ap Mae) heals O14) 


PaccMaTpuBad ToBefeHue aHalMTMyeckoro B G pelll2Hua ypaBHeHHa (2) 
mp p—>O, nMoulyyaem, uro oOulee pellleHne 9TOrO ypaBHeHHA MM2eT BUA 


He = costo (0,92), (0, 2) a= 0, (3) 


oTkyfla culeflyeT, YTO ypaBHeHHe (2) UMeeT 7TObKO TPHBMaJIbHOe pellleHHe 
H,=0, ymopnetsopaiomee ycnosuio (1). ApyramMa cwopaMu, HMe&eT MeCTO 
oOulee yTBep x eHHe: 

Ocecummempu4Hoe anekKmpomaeHumHNoe None saekKmpuuecKozo muna 
H = {0, 0, Ho(p, z)}, umeroijee npoussodnyio no p om MaeHUMHOeO BeKMOpa 
NOAA, paBHyo0 HYAtO Ha OCU CuMMempuu, OYOemM paeHO KYArO ecrody 6 o6nacmu 


AHAAUMULHOCMU OAHHOZO NOAA. 
94 


Orctoya cuekyeT, YTO SuIEKTPOMAarHHTHOe Tose, JaBaeMoe JWI BHEIIHEH 


3anaua (opmysamu Crpertona — Uy c No,cTaBeHHbIMH B HX 3a/\aHHbIMH ~ 


pos6yxKeHueM Ez) MU 3HaveHHeM jr, HaHJeHHBIM H3 ypaBHeHHA (1), 6yner 
TOXKMECTBEHHO paBHO HyvO BcIoxy B OOsacTH G, T. e. H (M)=0, E(M)=@ 
npy Mé€G, rye 


7 4x 
S 


fi) oe | {foe In (NV) E(N)19(M, N)—Lics grad’$]} dS, 


E(M) = 7) iopi-(M, N) + [ln (N) E (NJ grad’ $) + 
S 
+ (n(N) E(N)) grad’ &) dS, (4) 
hee ” oe Oj, 
[n(N)E(N)]=—Er(n(N) FN), (RN) E(N)) = 5 (S hoo — ae): 
PaccmMaTpuBasl MaKCBeJWIOBCKOe Moule, aBaemoe (opMysiamu (4) B OOacTH 
D, w ycerpemaan toukxy M us D x nopepxuocTu S, a Take yCTpeMJAA 


rouxy M «x S B cbopmyaax (4) Awa MEG, nonyyaem IA TanreHiMaJbHblxX 


COCTABJIAIOUIUX BEKTOPOB NOJIA Ha NOBEPpXHOCTH S 3HayueHHa 
A , —> 
[nH] |s = Jo, [nE] ls ee J ee [nt], 


T. €@. TAHPeHI[MaIbHat COCTABJIAIONAA JIEKTPHYeECKOFO BeKTOPa IIPHHHMaeT Ha 
NMOBepXHOCTH 3afaHHoe 3Ha4yeHHe. 

Jlanee, MOCKOJbKY YCJOBHA H3JYYeHHA BbITIOMHAIOTCA aBTOMATHUeCKH, 
nove, onpelessemoe PopmMyamu Crperrona — Uy, u OyfeT pellienveM BHeIL- 
Hei KpaeBpoli 3ayauM 9eKTpOqHHaMuKH. M3 efuHcTBeHHOCTH ee pelleHHa 
cleyeT €HHCTBEHHOCTh pellieHHA ypaBHeHus (I). 

2. YpaBHeHHe JAJA MNAOTHOCTH a3HUMYTAJIBHOFO TOKA 
(mepBoe u3 ypaBHenuh (11) B pa6orte (')). 


( iMp'al’ = \[ (toed sin e coe pees ay Feo} edt’. (IT 
i 


) iopp’ d2/ ~~ jou Oz Ol 


STO ypaBHeHHe COOTBeETCTBYeT CJIYYaIO OCeCHMMeTpHYHOTO BOs6yxKLeHHA 
MarHHTHOro Tuna E={0, 0, Ey} u Opimo B (1) nonmyyeHo u3 TpeOopanna 
paBeHCTBa HyJIO Ha OCH Z B OOMacTH G 2-H KOMMOHEHTHI MarHHTHOrO BeKTO- 
pa loa, fapaemoro (bopmysoH Crpetrona— Uy ua sueuinel 3anauu. 


0 : 
M3 ypapuenua Maxkcpesua is aL i. = — ionH,uycnoBua Hz|,-9 =O Haxo,uM, 


HO ns Kpome toro, E, Take yopjeTBopsxeT ypaBHennio (2). 
Jlanee, Kak MH Bu. 1, cneqyeT yTBepxjenne: 

Ocecummempuunoe nore maenumxoeo muna E = {0, 0, E,}, 2-8 Komno- 
HeHMAa MA2HUMHO2O 6eKMOpa KOMOpPO2O paBHa HYyAIO HA OCU CUuMMempuU, 
6ydem paeHo HYyAIO BctoOy 6 COAACMU aHAaAUMUUHOCMU OaHHO2O NOAA. 

Kak MH B lipefbiqylleM nyHKTe, oTcioya cylekyer eWHCTBeHHOCTH pelle- 
HMA MHTErpaJbHOrO ypaBHeHHA NepBoro pola LA a3MMyTasbHo cocTaBsAlo- 
WleH MJIOTHOCTH TOKa. 

3 Ypapuenns Ne€pBoro pofa AJA BHeWHeH cKanapnonk 
BOAHOBOH 3afauw H ypaBHeHHA [JA NepBex rapMoHUK 
HAOTHOCTH TOKAa. 

a) Ip HaxoxyeHnu pellieHuaA BHeUHeli KpaeBouw 3aaun WIA ypaBHennsa 
Au + k*u=0 ory? 6bitb npuMeHeHsl MHTerpaJIbHble ypaBHeHuA BTOporo H 
NepBoro pOfla, aHaJlOrHyHble ypaBHeHuaM B (+) Awd NMOTHOCTH SJIEKT pu ye- 
ckoro TOKa. Sfecb paccMaTpHBaIOTCA TOKO ypaBHeHHaA epporo poja. 
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ee ee ee ee 


#B KaveCTBe HCXOMHOrO ypaBHeHHA JWId Haxox*Kfenua Ou/dn ua S (nepBasa 
Ballaua) WIM UW (BTOpad salaya) HCNoOML3yeTcA cKanApHad (popmysa Cpuna, 


| o 


(HanucaHHas JA BHeLIHeH 3aqaun: 


; LT ENO 
uw (M) =e | (any N)—u gp) ds=0) MEG. (5) 


necb Q(M, N) =e'* /r, r=V p+ 0? + 2p’ cos(¢—y) + (2—z’')?- 

M3 e2HHCTBeHHOCTH PelIeHHA BHEWHeH 3aaun u M3 CBOLCTB NOTeHIIMasIOB 
mMpocToro H ABOHHOrO cmoes (CM. (*)) cmeqyer, uTO ypaBHenne (5) Kak JIA Mep- 
)BOH, TaK M JIA BTOPOM 3ayaun MMeeT EMHHCTBEHHOe peulenuve. Mcnomb3ysa ana- 
Lua THHOCTS (5) Mo z H MO p BHyTpu OOmacTu G, Tpedyem yyoBNeTBOpenna (5) 
He BO BCeH OOIaCcTH G, a TOKO B HEKOTOPOH ee MO_OGacTH C OObEMOM, He paB- 
puoi uy 0. [Ipu stom (5) OyzeT BHIMOJHATHCA CHOBAa BO BCel OONacTH G, T. e. 
(CHHCTBEHHOCTb pellICHHA ypaBHeHHA COXpaHsetcnH. J]anee, TpeOya BbINOW- 
luenns (5) TOmbKO Wud TOUeK M, mexKalllMx Ha OcH z, Momyyaem ypaBHeHne 


| o(M, N) 


? Onn pdl’, (6) 


e=—0 


a ae oy 
o'dl =a 


e=0 ih , 


| 
| 
iKOTOpoe, Boole ropops, OyeT MMETb y2Ke He CMHCTBeEHHOe peuleHue. M TobKO 
1B OC€CHMMETPHYHOM CuIy4yae, HCMOMb3ya ypaBHenve A u + k?u = 0, MoxHO 
|MOKA43aTb (aHaJIOrH4HO TOMY, KaK 9TO CemaHoO BM. 1), YTO Kak JIA NepBou, Tak 
M JIA BTOPOM KpaeBo 3ayauH ypaBHenue (6) OyeT UMeTb CAHHCTBEHHOE peUle- 
Hue. J[pyruMu cl0BaMH, Apa ypaBHeHHi 


tkr 


(M,N) leno = 4 (4, 0)= —9' (0), (7) 
, , 6) Peed ave 0 i 7 
Tren |g = ang fot") = (cos 6 4 sins ar pen (8) 


6yAyT 3aMKHYTH (OOo3HayeHHA cM. (11) B (4)). 

6) MccneqoBaHue €MHCTBeEHHOCTH PeWeHHA JIA BTOPOrO HM TpeTbero ypaB- 
HeHui B (11) u3 (') He yqaeTca OCYLIeECTBUTb, HCHOb3yA AHAIHTHYeCKHE CBOH- 
CTBa MAKCBEJJIOBCKHX TOveH. 

OjHako HeTPYAHO BHJeTb, UTO VIA AHTCHHBI C OeCKOHeYHO TpoBosamen 
nopepxuoctbio (C¢, = C,=0) apo ypaBHeHHA JA NepBOH rapMoHHKH MsOT- 
HOCTH MepHMOHabHOrO TOKa (TpeTbe ypaBHeHHe B (11) u3 (*)) 


\ (cos 0 a + sin@’ x) {Mo'dl’ = 


JE, 

. % dl ow Bed OE, Cosi Ogre, lew , 

= | ied En oe [+h (et — = Eon) f oa (III) 
| 

| (m=s, n=c,\}—=-—1 naw m=c, n=s, h=1) 


OyeT TORKMecTBeHHO ALpy ypaBHEHHA JI OCeCHMMeTPHUHOH CKaApHOU 
ganauu (8), 3aMKHYTOCTb KOTOporo flOKa3aHa Bblllle. Orciofa uM caefqyer 
CJ\MHCTBEHHOCTb pellieHua ypaBHenua (III). . 
Bropoe ypaBHenve B (11) (quad TMepBol rapMOHHKH a3HMyTaJIbHOH CO- 
CTaBJIAIOWeH MIOTHOCTH TOKa) B cayyae C, = 0 
\3 jMpe'at’ = | ied cos VE pd’ (m=s wm m=c) (IV) 
ie jb 


6yeT HMeTb HeeHHCTBeHHOe pellleHve Bua v= vy + C%, Te C — Tpous- 
BOJIbHaA MOCTOAHHaA, vj — HEKOTOPOe YacTHOe pellieHHe YypaBHeHHA, a vy — 
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pelwenue ypaBHeHHaA 
(8, Pry (Uyeldl’ = 1: 
L 


(9) 


(i, 1’) cm. d@opmysy (7). Bonpoc o cymlecTBOBaHHH pelieHHA ypaBHeHHA 
(9) He Gyem paccMaTpHBaTb, YKaxKeM TOJBKO, YTO fA NoBepxHocTeH S u 


3HayeHHi Rk, IA KOTOPbIX ypaBHeHHe 


Qn on N 


\ PS (nN) ds —v(M) =0, M, NES, 


He HMeeT COOCTBEHHbIX 3HaveHHH, pewenue (9) cymecTByeT. OueBuAHO Take, 
4TO pellieHHe cyllecTByeT H Jia OeCKOHeEYHOrO WKIMHApa (pellieHHe paBHO 
KoHcTaHte). Ilosromy JIA HaxOXKMeHHA NepBOH. rapMOHHKH a3HMyTaJIbHOK 
cocTaBsIAIOMeH MJIOTHOCTH TOKa pe araeTcA HCHOJIb3OBaTb ypaBHeHHe 


a 


p’ 


¥ 9 A oy ( , OY Ane GUN c (1) 
\ {LA b+ 7 api + ba cos 8 soy 1 Sit 8 a iwe | 
1G 
-(1) 
OU (Uae COS 0 ACN) gp : , oy sie 
ral etd 7 jin) o'al = iwe \(cos 6 a7 t+ sin ® 5 
L 
(1:28, Thess =) I Oe 


Jom re 


) Eomp’dl’ (10) 


l), 


mloslyyeHHoe TaKHM Ke ciocoOoM, Kak H ypaBHeHua (I), (II), (IIL), (IV) B 


(7), HO Hcxoa u3 TpeOoBaHHA E |p,» = 0. 


Bonpcoe 0 cyllecTBOBaHHH pellieHHH B ypaBHeHusax (I), (II), (III), (IV) zs. 
(1) u B (6), (10) He OOcyxfaeTcA, NOCKObKy H3 CYWI€CTBOBAHHA pellleHHA — 
Wid BHEWHEH KpaeBOH 3aadH S/JIEKTPOAMHAMHKH H JIA CKaJIApHOTO BOJIHO-- 


BOrO YypaBHeHHA cuewyeT CYyULeCTBOBAHHEe pemennit B 


y paBHeHHAX. 


paccMaTpHBaeMBIX. 


OrmetuM, 4TO pe3yJIbTaTbl, NoMyyeHHbIe B mn. | nu 2, MoryT ObITb O606-. 
WeHbl H Ha cylyyaH 3afauM c KpaeBbiM ycoBHem Jleontopuya (C,+-0,. 
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Hokuane Akayemun nayr CCCP” 
1960. Tom 132, Ne 4 


MATEMATHYECKAS OH3HK Ai 


A. C. KPOHPO] 


, WHCJIEHHOM PEWEHMH YPABHEHHSA MAFHHTHOrO § MOJIs: 
B )KEJIESE C YUETOM HACbILIEHNA 


(IT pedcmaeaeno axademuxom M. B. Keadoiuem 3 I 1960) 


B miocKoM cJlyyae ypaBHeHwe IA MarHHTHOFO MoTeHuMana u(x, y) B. 
bnese BbITIAAHT Tak: 


A[gou/dx] , O[pou/dy} __ " 


o=(|gradu|?) —Benu4nHa, oOOpaTHad MarHuTHOH mpoHMmaemocTH 


oylesa p = 1/u. Kpaepbie ycOoBuxA CObIYHbIe, AIt JanbHetWwero OHM pouHi 
urpalor. 


M. puc. 1) 


u 1. 
a) =u(0)—u(A), Sa ae , 
| u(B)= uO), Ff, =u (0) a (D); : 
9 (a) = 9{lu(0) —u( Aye + (Vs) 4 (B) + 4 (E) — 4G) — 4 (OVP, 
Pee...) neers ame ge = (3) 


(8) = 9 {lu(D) —w(OP + (Ha) lu (A) + eG) —4(C) = 4 ADP 
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WY, HaKOHeL, 


»— (#3) A =e (4 


J+ (ea) 


[(ez) 


wid, corslacHo (2), 


ttnon (0) = K (a) u(A) + K (8) u(B) + K(y)u(C) + K(8)u(D), 8 


(9%) 


rye 
: @ (4) 1 Oe 
KO = sa re@romrew’  "KO=sHre@temrew | 


Ypaspuenua (5) u (6)— ypaBHeHHA cTalMOHapHoro paciipefeseHuaA Ten 
© TI€PpeMeHHbIM KOaPHIMeHTOM TEIIIONPOBOAHOCTH ©, MMeIOUIHM OOBIUHE 
Bay, Kak Ha puc. 2. OqHako fA OombuIMx rpaqueHToB opMyul (5) u (6 

— He jlaioT cxofalueroca mnpouecca. BsBewenHe sameJieHHs 
MyTeM, HallpHMep, 3aMeHbI ypaBHeHus (1) Ha 


du 0 [@ du/dx] du/dy] 


d[9 A. 
Oty Ox a oy (1 


IIPHBOAHT, KOHEYHO, K Wes, OMHaKO War NO BpeMeHH pH: 
XOJHTCA OpaTb MaJIbIM, TAK UTO COBPeMEHHBIe CKOPOCTH 3/1eK- 
TPOHHBIX MalIHH OKa3bIBalOTCA HeOCTATOUHBIMH. 

IIpenmaraetcad sd UHCJIEHHOrO pelieHHA TaKHXx 3afau 
CJI€AYIOULHH aJIrOpHTM. 

Jlia KaxxoH TouKH O 3akpemIAloTcaA 3HayeHHA COceqHUX u(A), ..., u (C). 
Vimerca top (0) Takoe, ¥TO ypaBHeHue (5) yOBNeTBOpseTcaA TIpH yc1oBMu, 
‘aTo B (3) BMecTO U(0) CTOHT Uyop (0). (Takue u3Menen- 

HbIe ycuopua (3) Ha3oBem (3').) Sty mpouenypy Mo- 4@ 
2%KHO Ha3BaTb JIOKaJIbHO OOpaTHbIM WaroM. 

Tenepb mpomecc cxoquTcH B CMBICNe U4HCIa wf) 

HTepawuu Opicrpee, 4YeM aHaJIOrMUHbIN Mpowecc WA : 

‘ypapHenua Jlanaca, eC TOMbKO ?— MOHOTOHHO He- 

yOurBaiollad (PyHKWMA cBoero apryMeHTa. OToO TpHBu- U(O) Uog(0) U, 60) 
aJIbHO, €CJIH BOCIIPHHUMaTb ypaBHeHue (1) Kak Tem0Boe, Pie 

@ MOHOTOHHOCTh © — KaK POCT TeMJIONPOBOAHOCTH Cc rpa- 
JMeHTOM TeMMepary ppl. 

Jina tbakTw4ecKHX BEIUMCeHHH HeT Hy Kb pelllaTh ypaBHeHusa (5), (6) u 
(3°) copmecrHo. Hanpumep, coBepiieHHO JOcTaTOUHO MOMOKUTS 


[grad uf? 


Puce, 2 


it (O)== K (oyu (AVEE a, 
rhe K(a),..., K(6) Bprancaenpt u3 (3); 
Uz (0) = Ky(a)u(A)+..., 


rye K,(«),-.., Ki (6) sprancieno u3 (3), Kora u(0) 3ameHeno na u; (0), 
HM, HaKOHElL, 


7 ; [ue (0) — uy (0)]? 
Upon (0) at (0) i 2uy (0) — uy OE Uy (0) ’ 


T. €. CheaTh [Be HTepallMu Cc NocweLyioweH HHTepnonauuent: 


u,(0)=f[u(0)], uy (0) = flu; (0)}. 
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Vijem uyos(0) Tak, 4TOOLI MpAMas, MpoxoAsulaa yepes u(Q), u,(0) u 
(0), U2 (0), MepeceKasia B Uyos (0), Uyon(0) OuccexTpucy nepBoro KBajlpaHta 
uc. 3) 


CoorgeTcTBylolle pacuerbl rpopeyeHn Ha penelinol BEUNCAMTeNDHON 
mune Becconosa (PBM), 


VucrutTyT skcnepHMeHTaIbHOM HW TeOpeTHYecKOH du3suKH Hocryn“s1o 
Axayemuu HayK CCCP 3 XI 1959 


TIAH, 132, Ne tt 97 


Jloknaye AkaweMum HaykK cccP 
1960. Tom 132, No 1 


Unen-xoppecnonyent AH CCCP E. ®. FPOCC u A. A. KANJIAHCKMA 


ONTHYECKAS AHH30TPONHA KYBAYECKHX KPHCTAJIJIOB, 
BbIS3BAHHAS ABJIEHHEM MPOCTPAHCTBEHHOM JMCIEPCHH. 
KBAJPYNOJIBHOE SKCHTOHHOE MOrJIOUKEHHE 
CBETA B 3AKHCH MEJIM 


Ha JJIMHHOBOJHOBOM Kpae OCHOBHOTO Norjomenua Cu2O HaOsi0Laerca 
comwHaA CTpyKTypa B BHe ABYX BOMOPOMONOMOOHEIX CepHH MMHUM MO- 
TIOULCHHA, CBASAHHEIX C BO3s6y%KeHHeM SKCHTOHOB Motta B pewlerKe 
CuzO (cm. 0630p (*)). C JIMHHOBOJIHOBOH CTOPOHBI OT ©KEITOH» CepHH, MOM= 
quHsloueica dopmyse vy, = (17460—785/n*) cm™* aaa HHH C HOMepOM 
n > 2, HaOmofaeTcH 3HauHTeIbHO Oonee caOad MH y3Kaq MO CpaBHeHH 0" 
C OCTAJIbHBIMH WIeHaMH STOH Cepuu HHUA 16125 A, KoTOpo ycnoBHO puny 
cbipaeTCa HOMep n = 1. CormacHo cymlecTByIOuleH HHTepNpeTauuu 9Ta JIMHUF 
OTBeYaeT BOSOY2KMeHHIO HHSINeErO, OCHOBHOTO COCTOAHMA SKCHTOHOB (n = 1), 
IIPHYeM SHAYHTEIbHOe OTKOHEHHE €€ NOMOKeHUA OT TpeOyemoro CepHasbHOH 
dopmyoh PugOepra OObACHAeTCA MAJIbIM paqHYCOM SKCHTOHOB B STOM COCTOA= 
HHH, H3-3a Yero BOMOpORONOA0GbHaKA MOZeIb Banybe — Motta nempurogqua Aaa 
pacueTa 9HeprHH COCTOAHHS. 

IIpuH uccieqoBaHHu CneKTpOB Morsomenua CuzO Ha MOHOKpUuCcTammM4e- 
cKHX OOpa3suax (T = 77°K) Hamu Obl0 O6Hapy2xKeHO HeOObIUHOe IA KyOu- 
YeCKHX KPHCTAJJIOB ABJICHHE AHH3OTPOMHOFO NOFOULeHHA CBeTa B AMHHH C€ 
n = 1 (A 6125 A)* (4). Oxa3anocb, 4TO B ceKTpe cBeTa, Mpoulemmero « epes 
miacTHHky Cu2O, HHTCHCHBHOCTb JIMHMM Norsomenua 46125 A B AByx TIpOu3- 
BOJIbHBIX B3aHMHO Me€pMeHAHKYJAPHbIX COCTOAHHAX NOMAPH3AUHH ABJAeTCH 
B OOWeM CuIy4¥ae HeEOHHAKOBOH. CTeneHb NOIAPM3allMH JIMHUH, TaK Ke Kak 
M MHT€rpaJibHaA HHTCHCHBHOCTD €€, CHJIbHO MCHAACb WIA Pa3JIMYHbIX OOpas- 
OB, a TaK*Ke Y OMHOFO KPHCTAaINa IPH H3MCHCHHN HallpaBseHHA NpOXxomwKTeHuA 
cBpeTa yepe3s wacTHHKy. EctecTBeHHo OnvIO MpemmonaraTb, YTO STH H3Me- 
H€HHA CBA3AHbI C PasJIMYHOH OPHeEHTHPOBKOH KpHCTamorpaduyeckux oceli B 
pa3HbIX OOpasax. 

IIpeqcTaBa0 HHTepeC BLIACHHTb 34BHCHMOCTb HHTCHCHRHOCTH M MOJAPH- 
salu wMHHH 4 6125 A or HanpaBeHna pacnpocTpaHeHua CBeTa B KPHCTaJVJIn- 
yeCKOH pelleTke oOpasia. C sToH Wenbio Obi BLIPAleH MOCTATOUHO KPyNHbili 
MOHOKpucTaiat CuO. Jlanee no nowyyenubim MeTogom Jlays pexTreHorpammMam 
OnpefeAaCh OPHEHTHPOBKa KPUCTaIMYeCKHX OCeli B OOpa3zue, a 3aTeM HS 
HeFO BbIPe3aIMCb MWaCTHHKH, Pa3JIM4YHO OPHEHTHPOBAHHbIe OTHOCHTEJIbHO KPH- 
cTamorpauyeckux ocel. B uacTHOcTH, OblIM BbIPe3aHbI WwiaCTHHKH OjMHa- 
KOBOH TOJU[MHbIC MJIOCKOCTAMH, NepMeH.HKYJIApHbIMM KpucTamsorpadpute- 
CKHM OCAM CHMMeTpHH 4-ro (C4), 3-ro (Cs) u 2-ro (C2) nopayKos. Viccneqosa- 
Hue NHOrmouenua cBeTaBA6125 A MponsBoqusCch B TaKHX, BBIPeC3aHHbIX 
H3 OJHOTO MOHOKPHCTaJJia WlaCTHHKaXx, a TaKKe B OTMCJbHBIX He3ABHCHMBIX 
MOHOKPHCTAaWIMYeCKUX OOPasax C OMpefeeHHOH MO JaysrpamMam OpHeHTH- 
poBKoH oceli **. 


* AHM3OTPONHA NOPMOWeHHA CBeTa B JIMHHH COXpaHAnacb Kak Ip OXaxKTeHHH O6pa3snoB 
no T = 4,2° K, Tak uw Ip HarpeBaHHH ux JO Temnepatyp, 6H3KHXx kK 0° C (noKa aMHHA He cTa- 
HOBHIaCb HeHaOJOMaeMOlt u3-3a TenmOBOTO yuMpeHnus). 

** Astoppl 6narogapHEt M. A. Pymmy u B. H. Ilemenepy 3a pentrenorpaduyeckce onpe- 
AC€HHE OPHCHTHPOBOK B HEKOTOPbIX HS HCCeOBABWMXCH HaMH OOpasnoB Cu,Q. 
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a, 7) 


Puc. 1. CnextporpamMst wHHuM nornoulenua n = 4 (A 6125 A) xenTo cepun SKCHTOHA 

BCu,O mpu mpoxoxwkeHHH NomApH30BaHHOrO CBeTa B HallpaBeHuH L uepe3 MOHOKpH- 

CTAMMYeCKHe MIaCTHHKH, BbIPe3aHHble MO pasJIMYHbIM KpHcTasMorpaduyecKHM TIOCKO- 

CTAM (3alITPHXOBaHBbI), NepNeHIMKYAPHbIM OCAM CHMMeTpHH 4-ro, 3-ro uw 2-ro MOpalKa 

(Cy, Cs u Co). Ay 6164 A uw Az 6086 A —ynMHHOBONHOBLIe KpaaA cTyMeHeK 
cnmouHoro nMorsouleHHA 


JIAH, 7. 132, Nv 4, Ppoce uw Kanaancknit 


STHMH HCCJICNOBAHHAMH YCTAHOBJICHO, YTO HHTCHCHBHOCTS cTeneub Mo- 
ApH3auHH AMHMH A6125 A nonHocTHIO onpexemsmioTes OpHeHTalHeh Jy4a cBeTa 
(T. €. HalpaBenHa HaOmofeHHA) OTHOCHTeNbHO oceii KPUCTaJIMYeCKOK 
emeTKH OOpasita (puc. 1). Ipu nopManbHoM Mayeunu cera Ha NlaCTHHKy, TJ10- 
OCTb KOTOpOH coBmagzaerT Cc MOCKOCTBIO KpuCTamorpapuyeckoro Ky6a 
|| C4), AMHua Mornowenua OTHOCHTebHO HHTeHCHBHA Hi HeNOJIAPH30BaHa 
uc. 1, a). [pu HopmabHom naqennu cpera Ha MJlaCTHHKY, MJIOCKOCTb KOTOPOH 
BJIA€TCA MVJIOCKOCTbIO KPHCTaJVIO- 
paduyeckoro oxtasspa (L || C3), muna Ca 
aKKe HENOIAPH30BaHa, OfHAKO UH- 
HCHBHOCTb €€ 3HaYHTEJbHO HHKE, FEM 
pul ||Ca (puc. 1, 6). Wp nopmanbuom 
ayeHHH CBeTa Ha TlaCTHHKy, M0- 
KOCTb KOTOPOH COOTBeTCTByeT KpH- 
TaJJOrpapuyeckok MOCKOCTH pom6o- 
ofeKasypa (L||C2), MHHHA MHTeHCHB- 
aH MOJIHOCTbIO MOJIAPH30BaHa C 9/1eK- 
pPHueCKHM BekTOpom E, mMepnensuky- 
AP HbIM IJIOCKOCTH Ky6a, B KOTOPOH le- 
MT OCb Cz, ABJAOWaAcCA HalpaBwie- 
Hem HaOwiogenHaA (puc. 1,6). OnucaHubiit 
apakTep NOFIOWleHHA B JIMHHH HMeeT C, 
€CTO COOTBETCTBEHHO TIPH HAGJIOZEHHH = pyc, 2. Cxema uHTeHCHBHOCTH Hi COCTOR: 
AOJIb BCe€X OC€H CHMMCTPHH KPHCTaJI- Hua Nomspusaluu mMHHH NornouleHns 
a yeTBepToro (3Ca), TpeTbero (4C,) t= 1 (A 6125.4) B sapucumoctu oT Ha- 
BTOpOoro (6C2) MOpAKOB. MpaBieHus pacnpocTpanewma CBeTa B 

KpucTamvinueckohH pemetTKe CugO 

B o6mem cayuae, korja L He copna- 
aeT C OCAMH CHMMeTPHH KpyuctTanua, 
vHua h 6125 A sapaserca yacTHuHO NOJApH30BaHHOK. VM3menenne nHTeHCHB- 
OCTH WM NOApv3aluu MHHUM fA HanOonee xapaKkTepHbIX CJyuaeB TocTe- 
lennoro Tlepexofa HallpaBseHuaA HaOsIOLCHHA OT OHOH ocH CHMMeTpHH K 
pyro cxemMaTuyecku noKa3aHo Ha puc. 2. CuctemMa KOOpfMHaT COBMeUuleHa 
jlecb c Tpolikoli oceft Ky6a (2C,) wu HampaBrenne syya L onpepmennetca 
rnamu 2 u o. Byyem paccmaTpyvBaTb WHTCHCKBHOCTb JMHHM B JBYX, B3aHM- 
O NepheHAMKyIApHbIX COCTOAHMAX LOJAPHSAL MM, COOTEETCTBYIOMIMX KovIeba- 
HAM 90€KTPHYeCKOrO BeKTopa E B copepxameh L MepH2MOHaNbHOK NOCKOCTH 
fy HOpMaJIbHO K Heli J,. C Besmunnamn Jp u J, Ha puc. 2 cBasana JIMHa 
TpeJIOK, MOKa3bIBaIOWMX COOTECTCTBYIOMee HanpaBsenne KoeOannh E. 
| IIpu w3MeHeHHM HallpaBLeHua HaOmiofeHua oT nomoxenua L||Cy (Ox) kK 
|C, (|OQu) taxum o6pasom, 410 OHO ocTaeTcH B nsocKocTH Ky6a xOy, 
-yrosl g moctenenuo pacter oT 0° (rne L||C, u I) =I), uHTeHcuBHOCT Is 
e u3mMeHsetTcs, a J, MOHOTOHHO yMeHbuaetcH. IIpn » = 72/4, cooTBeTcTByt0- 
EM HallpaBnenuilo Jyya Bomb Cy, J, CTaHOBNTCA paBHolt HY JO, ole. 
WHA OKa3biBaeICA NOJHOCTEIO HOspHsoBaHHoH. IIpu aneHekiuem yBemuye- 
MM yI'ia © HHTeHCHEHOCTh Jy BHOBb CTaHOBHTCA 3aMeTHOH M YCHJIMBaeTCA, 
paBHuBanch mpug=—7/2 (L|Oy||C,) c octapaBmelica HeusmMeHHON Jy. Ilyctb 
eMeph H3MCHEHKE HanpaBleHvA HaOsIofenuaA oT noromenua L|C, (Ou) k 
Cy (|Oz) npoucxonuT Takum o6pazom, uto L octaeTca B nocKocTH pomGo- 
onekasapa zOu. Tipu 2=7/2 (L|C,) anHua NONHOCTEIO NOAApHsoBaHa 
/,= 0). pu ymentmenvn 9 HaOstofaetca nosBleHue uM ycuueHve To 4, 
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1 
ACOOLOT, SHAYNTebHOe ocua6senve Jpg IIpu 9, Onn3Kom kK arc COS es COOT= 


eTCIBYICUIEM HanpaBseHvio HaOJIOfeHUA Bob Cz, HHTCHCHBHOCTH ypaBHu- 
arotca Ig = Ig. I pu paseneliem yMenbienuu  HHTCHCHBHOCTb I, cTaHo- 
itch ComEme Jy. Tipu npuOnuxenuu % Kk O° pacTyT HHTeHCHBHOCTH B OOOHX 
oMnoHeHTax nouapusauun u pH L|Oz||C, unteHCMBHOCTH BHOBb cpaBHH- 
4oTcA Jg = Jy. OnvcanHoe NOBefeHve JIMHHH IpH HanOoyee XapakTepHblxX 


U3MCHCHHAX HalpaBseHHA HaOMOMeHHA B UWpeewax OHOrO OKTAHTa HMEeT 
COBepIIeHHO aHaJOrHUHblii BUA AIA BCeX MpyrHX OKTAHTOB. Takum o0pa30M, 
HpOCTpaHCTBeHHoe pachpefeJieHve MHTCHCHBHOCTH M COCTOAHMA NONAPHSalMH 
JIMHHH OONaaeT Q/IeMeHTaMH CHMMeTpHA KyOa HM MO OTHOLWEeHHIO K MoOrJioule- 
Hwo B Muu A 6125 A Kpuctann Cu,O uMeeT—eCIM YUYHTbIBATh TOJIbKO 
NOMApH3auMio, HO He HMHTeCHCHBHOCTb norjioumenuad — 7 «onTHyecKHx ocel» 
(3C, u 4C3), BNONb KOTOpbIX NorsiouleHHe H3OTPONHO. 

OGuapyxKeHHaa ONTHYeCKad aHH30TPONMA MormouleHHa KyOuyeCKOrO KpH- 
ctamia CuzO aBiaeTca HEOObACHHMOM B PaMKAaX OODIYHOM KPHCTAaJIMOONTHKH, 
B KOTOpOH KyOuuecKue KPHCTaJWIbI OTHYeCKH H3OTPOMHBI. He mpegqcTaBsAerTca 
BO3MOXKHbIM HCTOJIKOBaTb ABJICHHe WH KaK pe3yJIbTaT KaKOH-TO «HekyOu4d- 
HOCTH» pewleTKH Cu2O, a TakxKe OTHECTH ero K paspATy ABMEHHHM, HaOsO,ae- 
MBIX B KYOHYeCKHMX KPHCTamax, COJepKalluX MOKAbHbIC AHHSOTPOTHBIC 
neuTpbt *. [Iporus 3THX Upeg_noloxenul roBopuT upexkse BCero TOT *akT, 4TO 
HpOCTpaHCTBeHHOe pacipeeseHve HHTCHCHBHOCTH M NOMAPH3aWHH MOPVJIOULE- 
HHA B JIMHHM OOsaqaeT 9JIEMeHTaMH CHMMETPHH KyOu4eCKOrO KpHCTAaa. 

AunsoTponua sMnuH Mormomesun 46125 A KxyOuyecKoro Kpuctaima CuzO 
MOKET ObITh OObACHEHA, MIO HallleMy MHEHHIO, TEM, YTO COOTBETCTBYIONIMH JIH- 
HHH ONTHYeCKHH Mepexo ABJIAeTCH He OObIUHLIM JMMOJIbHBIM, a TepexOOM 
BHICIUeH MYJIbTHMOJbHOCTH — 3JICKTPHYCCKHM KBAaPYMOJIbHbIM MepeXOJOM. 
JlelicTauTesbHO, HaOOaeMad 3aBHCHMOCTb MHTCHCHBHOCTH H NOAAPH3allun 
JIMHHM OT HaNpaBeHHA Jy4a B pellleTKe COOTBETCTBYeT MpOCTpaHCTBEHHOMY 
pactpesereHHio NOAA 9IeEKTPHYeCKOH KBapyNOJIbHOM CHCTeMbI, KOTOPad 3K- 
BUBaJICHTHA TPeCM QICMCHTAPHbIM IJIOCKHM KBaIpyMOJIAM, pacIOJIOKeHHbIM 
B pellleTKe HOPMaJIbHO K TpeM ocaM C4, HOO YeTLIPeM JIHHCHHbIM KBapy- 
TOJIAM, OPHCHTHPOBaHHbIM BAOJIb YeTEIPex oceH Cs. CorsmacHo (°°) u3myye- 
Hue (MorjouleHve) TAaKOM KBapyNOJIbHOH CHCTeMbI B HallpaBJIeHHAX KOOPJH- 
HaTHbIX Ocelt KyOa (3C4) WOKHO ObITb HEMOJIAPH3OBAHHbIM, B HallpaBJIeHHAX 
HJIOCKOCTHBIX QHaroHaseH KyOa (6C2) MOMHOCTbIO NOJIAPH3O0BaHHbIM C E, Ma- 
PaJJIeJIbHBIM OCH KyOa, MepneauKy/IAPHOM K AMaroHasu, H B HallpaBJeHHH 
FIpOCTPaHCTBeHHbIX J\MaroHaneH KyOa (4Cs) HENOMAPH30BaHHbIM, C MHTCHCHB- 
HOCTbIO B TPH pasa MeHbilleH, em Auia L||Cs. UmMenno Tako xapakTep uMmeeT 
9KCICPHMeHTAIbHad 3aBHCHMOCTb Quid JMHuM A6125 A B cnexTpe Cu20, 4TO 
HeMOCpeACTBCHHO YKa3bIBaeT Ha TO, YTO MOrmomenue B IMHHH AG6125 A aBuserca 
WHCTO KBaJ{pyNOJIbHbIM **, 

HackoJIbKO HaM H3BECTHO, KBaQPYNOJIbHble ONTHYeCKHe NepeXOAbI B TBEp- 
OM Tele (KaK H BOOOMIe B KOHACHCHPOBaHHOL chase) SKCIePHMeHTAaJIbHO paHee 
HHKOra He HaOOMaMUCh; He HaOMOANAch M CBASAHHAA C TAKUMH MepexowaMH 
ONTHYeCKat AaHM30TPOMMA KyOuyeCKHX KpucTamios. UTO KacaeTca TeopeTH- 
WeCKOrO PacCMOTPeHHA BOMpOca, TO MHTePeCHO OTMETHTb, 4TO elle B paboTax 
lr. A. Jlopestua mo sneKTpOHHOK TeopHH AUuCMepcHH KPHCTaIOB B BBICLIEM 
MpHOJMKeHHH TeOpHu NMoOJyyalocb, 4yTO KyOuueCKHe KpUCTabI OONaqator 
apy ly dellpetomienvem("*). [Ip 9Tom 1BysyyenpeOoMeHHe MAKCHMaJIbHO TIpH 
paciipocTpaHeHHu CBeTa BAOMb 6C2 uM OTCyTCTBYyeT NIpu pactipocTpanenun cBerTa 
BNOIb oceH 3Ca Hu 4Cs (T. €. KyOMUeCKMe KDPHCTamIbl ONTHYeCKH CeMH- 
ocup!) Ilo muenmio Xempsere (°) @usnyecku cMbIC STOrO BHICLIero IIpH- 
O/IW2KEHHA, Jaloulero AaHHSOTPOMHIO, COCTOMTB yyeTe BKJala B AUCMepCHIO KpH- 
CTaJla, MOMHMO OObIMHOTO JHMOJbHOrO B3aMMOeliCTBHA CBeTa C BeLLeCTBOM, 


* Qror akT cOCTOHT B NOABJEHHH AMXpou3ma Horjomenua B CMeKTpax WeHTpOB B_ pe: 
SyIbTaTe AHHSOTPONHBIX POTOXMMMYeCKHX MpeBpalleHuii WeHTpOB Mo, jelicTBHeM MOJIAp H30- 
BaHHOTO cBerTa (°). 

** TIpeqmomomeHue O KBafpynoe o6nacHser HaOMofaemoe XapakTepHoe sBaAeHHe 
KOTOPOe TPYAHO NOHATh AAA AMMOAbHOrO NOromeHHA cBeTa. OHO COcTOHT B TOM, 4TO pt 
mopopote KpucTaima CuzO BoKpyr BepTuKambHOM ocH H Ha6mIOLeHHA B TOPH3OHTAbHON 
HallpaBJIGHHH B CIEKTPe MOTJIOMeHHA HMeIOT MECTO H3MCHEHHA HHTEHCHBHOCTH HHH A 6125 A 
B OOOHX KOMMOHeHTAX NOAPHsalMH c KONeOaHnuAMH E uB TOPH3OHTAaJIbHOK HU B BEPTHKaJIbHO! 
MIOCKOCTAX. OTO oco6eHHO 3ameTHO, KOrga L, MeHstolleeca B TOPH3OHTAJIbHO pacnoox*KeHHO! 
HOCKOCTH pOMOofONeKasspa, MpOXOJHT yepe3s HanpaBnenue C3. 


400 


aKKE WH KBaAPyNOJbHOrO B3auMogelicTBHA. B (°) moka3aHO, YTO KBapynoab= 
Ble ME€PeXOAbl MOryT MpPHBeCTH H K AHH3SOTPOMHOMY H3/Iy4yeHHIO WH TMorsmone= 
uio CBeTa KyOnvecKHMM KpucTaiamu. Hamm skcnepuMeHTaJbHBe pesyJIb= 
aTbI, TAKHM OOpasoM, NOATBepxalOT MpeycKasanHe XewbBere O BO3MOKHO- 
TH AHH3OTPONMM ONTHYeCKOrO MOrOWleHHA KYOWMYeCKUX KPHCTAaJOB 3a CueT 
‘BaNPYNOJIbHBIX TepexozoB. B rocmeqHee BPeMA BO3MOXHOCTH oONTHYUeCKOl 
HH3OTPONMM KyOnuecKuX KpHctamOB Oblna TeopeTHYecKH NOKa3aHa B HC- 
negqopanuax Ilexapa (1°) u Texapa u corp. (1%) no pacnpocTpanennto cBeTa 5 
‘PHcTaax, B KOTOPEIX BOSHVKaWT SKCHTOFBI, ¥ B fa6ote Tuns6ypra (#4), 
Me YUHTHIBaaCh MpocTpancTBenHas AucNepcus cBeTa. 

YcTaHOBJeHHbI KBalpyNOMbHbI XapaKkrep NOTsOMeHHA CBeTa B JIMHHM 
6125 A cornacyercs ¢ Ha602aemoii Mayol MHTeHCHBHOCTBIO JIMHMM M CBHIe 
€JIbCTBYe€T B MOJIb38Y SIKCHTOHHOH MHTepnpeTaluu munuH. JlelicrpuresbHO, 
ObIuHO HaOsmOMaembIK KoadpulveNT pa3pemieHHOrO JMNObHOTO NMormoueHHA 
BeTa B OCHOBHOH pellleTKe KPHCTaJJIOB uMeeT BeHUHHY RY108 cm“, aro Aaet 
JA KOSPPUUMEHTA KBaJ[PyNOAbHOFO NMOFOMLeHHA B OCHOBHOM pewieTKe (HHTeH- 
MBHOCTb efO OTHOCHTCA K AMNObHOK KaK (2ra/h)?~10, rae a—paszmep mo- 
AKa ATOMHOLO) BeJIMUMHY, COracyrouly1ocsd c OleHeHHOL Haonbite (k= 10 cm) 
©) Wiad muHuH Nn = 1. Keapynombuocrbh AMHMM MOXKeT OObACHHTb HU HaGvIOLae 
(Oe OTCYTCTBHe Pe€IMHCCHH H3 OCHOBHOFO COCTOAHHA 3KCHTOHOB B Cu,O, u60 
PH MaJOH BepOATHOCTH ONTHYeCKOTO KBapyNOsbHOTO Mepexofa (BPeMA 2KH3= 
au ~0,1 cexk.) Bos6yxJeHHOe cocTosHHe Bcerfa OyMeT paspyuieHO B KaKOM: 
MOO KOHKYPHPYIOUleM Mpollecce aHHurMALUH. 

CnelyeT OTMeTHTb, 4TO aHM30TPOMHOe norsomjenue HaOsIOanocb HaMu 
ObKO y WHHuM A 6125 A. Usyuenne normonjenua cBeta B Apyrux 3leMeHTax 
TPpyKTypbl Kpaa norsoujenua Cu,O — B cTyneHbKax, B JIMHHAX 2KeTOH cepuu 
KCMTOHA C N>>2, a TaKXKe TaK Ha3bIBAeMbIX KHOBbIX» JIMHHAX, PACMOJIOKEHHBIX 
lexKy WIeCHAMH %KesTOH cepHH Mu HaOOqaempIx upH T = 4,2° K, moKasasio, 
TO OHO ABJIACTCA H3OTPONHBIM. OTO ykKa3blBaeT Ha CMeWMPHYHOCTh OCHOBHOFO 
OCTOAHHA 9KCHTOHa B Cu,O nO cpaBHeHHIO C BO38OyKJCHHbBIMA IKCHTOHHBIMH 
OCTOAHHAMH. 

OKCNepHMeHTasIbHOe OOHapy2xKeHHe KBapynoJbHOrTO mMepexOa B JIMHHH 
. = 1 cnexTpa 9kcuToHa B Cu,O cTaBHT CYLeCTBeHHbIe JOMOJHUTebHbIe Tpe- 
OBaHHA K TeOPHH OCHOBHOFO 3KCHTOHHOTO COCTOAHHA Kpuctamia. B sToH 
COPHH JOJMKHbI ObITb 3alpellleHbl AMMOJIbHbIe MepeXObl B OCHOBHOe SKCHTOH- 
Oe COCTOAHHE MH pa3spellleHbI KBapynoububle. MHTepecHO OTMeTHTb B STOM CBA- 
H, UTO KBaPYNOJIbHOCTb JIMHHM COOTBETCTBYeT BbIBOJaM OuMOTa (*) oO 3ampe- 
[CEHHOCTH JHMOJIbHBIX MepeXOJOB B OCHOBHOe cocTOAHHe 9KCKTOHA Cu,O, ofHako 
cnowb30BaHHas B (°) BOOpOsONOAOOHAA MOJeb BPA JIM NpHrosHa WIA SKCH= 
oHa Masloro pafwuyca c nm = |. B To xe BpeMaA MOJerb PKusiuya (7), Maroulas 
Orlacylouleecad C 9KCMEPHMeEHTOM 3HaveHHe JHEPFHH BOSOYKAeCHHA OCHOBHOTO 
OCTOAHHA 3KCHTOHA, MPMBOAMT K paspelIeHHIO AMMOJIbHbIX MepeXOOB B 3TO 
OCTOAHHE. 


@Mu3HKO-TeXHHYeCKHH MHCTHTYT Tlocrynuso 
Axkajemuu HayK CCCP 2 II 1960 
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Jlonnxann Arkayemun nayKx CCCP 
1960. Tom 132, Ne 1 


PH3HKA 
B. B. KJIKOWWMH 


BJIAAHHE HEATPOHHOFO OBJIYUEHHA HA KPHBYfO 
HAMATHHVYUHWBAHHYSA MOHOKPHCTAJIJIOB KPEMHUMCTOLO )KEJIE3A 


(ITpedcmcerexo axademuxom H. K. Kukounoim 3 I 1960) 


B nmocweqHHe Froxbl SHAYHTeIbHOe BHHMAHHE YeIAeTCA HCCJIENOBaHHAM H3- 
M€HCHHH CBOMCTB BellecTBa Mocie OOyyeHHA ero HeHTpOHaMH. Cpeyqu MHOrO- 
YHCJICHHBIX PadOT, MOCBAULCHHLIX HCCJI€CMOBaHHAM (PH3H4eCKHX (MeXaHH4eCKHX, 
QJIEKTPHYECKHX MH Ip.) CBOHCTB BeuecTBa, MaIO paOoT, Kacalouluxca ceppo- 
MarHeTH3Ma, 


20-10 "cayee 


0 
g aL 10"eayce 


100 acm. 


Puce. 1. Terma rucrepesuca MOHOKPHCTaJlla KpeMHMCToro 2x%xKee3a. Kpuspre 
cN€Ba—B HanpaBnenuu [001]. Kpusnie cnpapa — p Hanpapnenun [111]. Cnnom- 
HBI€ JIMHH4— oO O6yuenna. IlyHkTupHpie wMHHA— nocze O6sy4eHUA B peaKTope 


a 

Hactosmaa paGora mocsaujena ucceqoBaHMio BAMAHHA He€MTPOHHOFO Obuly- 
aaa KPUBy!0 HaMarHH4HBaHHA MOHOKPHCTaJIOB KpeMHMCTOrO *Kene3a 
(3% Si). Hecneqopanua Ha MOHOKPHCTaJIaX, BO3MOXKHO, MO3BOAT BLIACHUTD, 
10 KPaHheH Mepe KavecTBeHHO, BJIMAHHe OOy4eHHA HeliTpoHamH Ha XO Mpo- 

HeccOB CMCUlCHHA TpaHul PeppOMarHuTHHIX OGmacTelt 
ep por MH spate E 
YeHHOCTH B HHX. Panna ae 


{02 


Hicxoqubim MaTepMaloOM JIA UCCAeLOBaHNH CJY2KHAM MOHOKPHCTasJII 
JAHCHOPMATOPHOK CTaH, BLIPOCUIMe B pe3sybTAaTe OTKUTAa Tocie xoNoOLHOH 
DOKAaTKH JIMCTOB MPOMbIMIeHHOK cTaiu. Ilo aHHbIM peHTrenorpaduyecKkoro 
1aJIM3a HECKOJIBKHX MOHOKPHCTAJJIOB BbIOpaH MOHOKPHCTaJ, y kOTOpOrO 
MH [001], [011] uw [lll] c¢ Tounocrbio 2—3° cospnanaror c mamocKocTbIo 
ucTa, OOpasitp! pasmepom 70X2X0,5 mM® nowy4yeHb! BbITPaBHBaHHeM BAOMb 
Ka3aHHbIX KPHCTasuorpapuyecKux HalpaBsennii. 

Kpuppie HaMarHHuHBaHUA OOPaslOB CHYMAJIHCb JO u Mocae OOyYeHHA IPH 
OMHATHOH TemMMepaType Mp Momo acTaTuyeckoro MarunTometpa. Kaxypili 
Opasell BO BPeEMA H3MepeHHH uM OOMYYeHHA HAXOMMICA B aJIIOMHHHeBOM KOH- 
pinepe. Kontelinep c o6pa3syom mocae o6syyeHHA MoMellaca B CBHHIOBbIi 
HJIMHAP B WeHTpe OFHOTO H3 COMCHOHJOB MarHHTOMeTpa TOUHO B Takoe x*Ke 
OJIOXKCHHE, KAKOe€ OH 3aHHMAaJ Mp H3MepeHHAX TO OONyYeHHA. CBUHILOBbI 
WIMHIp CJyKHJ 3allMTOH OT OCTaTOYHOrO Y-H3JyYeHHA UCCIeLyeMbIx OOpa3- 
os. Muterpamtbuad 03a o6yueHuaA B peaKTope cocTaBasana 4,7 -10!8 H/cm?. 
emllepaTypa B KaHasie peakTopa Nowep2xKuBasacb OKOIO 50°. 

PesyJIbTaTbl H3MepeHHH pefcTaBenb! Ha pwc. 1. Kak BuHO U3 KPHBbIX, 
eTJIM FHCTeEpe3HCa MOHOKPHCTAJJIOB KPeEMHUCTOLO *Kee3a YUIMPAIOTCA B Pe3yJIb- 
ate OOJy4eHHA HelHTpoHamu. OTHOCHTe/bHOe H3MeCHEHHE KPHBOH rucTepesnca 
Jif MOHOKPHCTaJia, HAMaTHHYeHHOTO BAONb HallpaBsenuaA [001], 3HaunTenb- 
Oo Goble, YEM BOMb HanpaBneHua [111]. KospuuTuBHaa cua MOHOKpH- 
Tala B HallpaBseHuu [001] yBeanunnacb c 0,3 go 0,8 apcr. (Cc TOUHOCTHIO 
- 0,1 9pcer.), B HampaBaennu [111] yBenuuunacn c | no 1,2—1,3 apcr. O6smy4e- 
it HeHTPOHAMH, I0-BHAHMOMY, BJIMAeT B OCHOBHOM Ha IIpOLeccbl CMeILeHHA 
paHH MEexKLy eppOMarHuTHbIMH OGAaCTAMH. 

Tlowy4eHHble JaHHbIe, HMEIOWMe OKA MpeLBapHTeJIbHbIM XapakTep, He aloT 
Ile BO3MOKHOCTH TIOJIHOCTbIO BbIXCHHTb MCXaHH3M, BbISBaBLIMH H3MeHeHHe 
<PpHBOH HaMarHuuNBaHHa. MoxHO TpeqnosaraTb, YTO Mp CpaBHHTeJIbHO BBI- 
OKUX TeMMepaTypax HaOsIOaeMble H3MCHCHHA MAFHHTHBIX CBOHMCTB HCCJIeLO- 
BAHHbIX MOHOKPHCTAJJIOB CBA3AHbI TIaBHbIM OOpa30M C MOABJICHHeEM TaK Ha- 
3bIBAeMbIX «30H CMeLILEHHA». JlambHelwiue Oomee JeTaJIbHbI€ ONMbITbI MO3SBOJIAIOT 
TOYHUTb CYIULeCTBYIONLMe MpeqcTaBJIeHHA O MeXaHH3Me HapyllleHHu KpHCTaN- 
HYeCKOH PeIWeTKH, BbISBaHHbIX OOJYYeHHEM TsDKeJIBIMA YaCTHIaMH. 


VUuctutyT u3HKu MeTaJ0B Tloctynuso 
Axajemuu HaykK CCCP 19 XII 1959 
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Jloxuagmn Akagemunm nayr CCCP 
1960. Tom 132, N 1 


TPEO@PH3HKA 


WY. M. AMAHMTOB u E. B. YYBAPHHA 


CTPYKTYPA JJIEKTPOCTATHYECKOITO MOJIA ; ' 
B CBOBOAHOM ATMOC®EPE 0 JAHHbIM HCCJIENOBAHHH 
BO BPEMA MEKAYHAFOAHOFO TEC®H3HYECKOLO FORA 


(IT pedcmaenexo axacemuxom A. ®. Hegde 38 I 1960) 
| 

Jlo HacTosilero BpeMeHH elle He paspellleH BOMpOCc O TpHpose BieKTPHye—— 
CKOrO MOA aTMOCibepbl, XOTA CyllecTByeT PAX THMOTes, OObACHAIONIMX ero 
cymecTBoBaHve. Han6ouee yacTO MpHMeHAeTCH MOeJb «lapOBOrO KOH- — 
yeucatopa» (1, *). KocBeHHbIM NOATBepKeHHeM STOH MOeH ABJIACTCA TECHAA | 
KOPPeCIALMA M@KLY CyTOUHBIM XOJOM HHTCHCHBHOCTH TpO30BOH eATebHOCTH 
Ha BCeH Semsle H CyTOUHbIM XOJOM HalpsA2KEHHOCTH SJIEKTPOCTATHYECKOFO TOA 
Hay, OKeaHaMH H B MOJIAPHbIX OOAaCTAX, Te OHA MaJIO HapyllieHa Me€CTHBIMH — 
OObEMHBIMH 3apsqamMu (yHHTapHad BapHalua). | 

Teopua wapoporo KonyencaTopa mpegnovaraet: 1) MoHOTOHHOe yOblIBaHHe- 
QJIEKTPOCTATHYECKOFO MOIA C BbICOTOH H, COOTBETCTBCEHHO, MOHOTOHHOe BO3pa—— 
cTaHHe MOTeHI{Masla C BbICOTOH; NOTeHWHa HOHOCKHepbI, paCCUHTaHHbIM MO Mpel- 
MojaraeMOMy XOJYy MpOBOHMOCTH C BbICOTOH, MpHHuMaeTca paBHEiIM ~ 400 KB; 
2) cooTBeTcTBHe (ba3bl H AaMIMJIHTYAbI CyTOUHbIX KONeOaHHH BeJIMYHHbI MOTeH— 
Hala HOHOCKHepH (base H aMIWIUNTyNe YHHTapHOH BapHallMu, HaOORaeMOl Ha 
Semse; 3) CHH*a3HOCTh H3MeHCHHH HW OMHAKOBOCTb 3HaYeHHH MOTeHWMala 
BbICOKHX CJIO€B Ha OJHOM H TOM 2K€ YpOBHe Ha BCEMH TOUKAMM HaGJIOAeHHA. 

PalHOHaJIbHOCTh THMOTe3, OObACHAIOMLUX MpOHCXOKeHHe IIEKTPHYeECKOTO 
MOJIA aTMOCtepbl, MOXKHO OMeCHHTb HCCIEMOBAHHAMH ero XOfa C BbICOTOH (*). 

Bo spema MexyyHapogquoro reodusuyeckoro roa u MexyyHapoyHoro reo- 
(bH3uyecKoro coTpyAHHYecTBa B CCCP OpliH OpraHH30BaHbl peryJIAPHbIe 30H- 
QHPOBaHHA 3JIEKTPHYeCKOTO NOMA aTMOcdepbl pH MomomM camoseta JIM-2 
B Jienuurpage, Kuese x Talikeute (1pHOopbl H MeTO_MKy u3MepeHHii cm. B (§)). 

IIpH 3OHJHpOBaHHAX H3MePAJICA XO HalpA*KeHHOCTH SIEKTPOCTATHYeCKOTO: 
noida E c peicotoh H. [lorena cooTBetcTBytolleli TOUKH PpaCCYHTbIBaJICA My- 
TeEM HHT€rPHPOBaHHA SKCIeCPHMeHTaIbHOK KpHBOH E = f (H). Hao yuecth, 
4TO OCHOBHAA YaCTb COMPOTHBJeHHA aTMOCiepbI CocpeqoTOueHa B ee HHKHHX 
coax (*). Tak, B coe O—6 km cocpegoToyeHo oKo0 66% Bcero compoTuBie- 
HHA aTMOCHepbI, NOSTOMY MOX*KHO IipemlONaraTh, yTO MOTeHWHa Ha BBICOTe 6 KM 
HE JOJKeH OTJIMYATbCA OT NOTeHIMaa HOHOCHepHI Gosee uem Ha 30 — 35%; no- 
STOMY H3MCHEHHA MOTeHIMala Ha BLICOTe 6 KM JOJIKHbI B OCHOBHOM OBITb MO06- 
Hbl H3SMCHCHHAM MOTeHI{Masla MOHOCdepEl. Hapyienua 3Toro moxo6ua MmoryT 
MPOHCXOJHTb 3a CY€T OTKMOHCHHM MpOBOAMMOCTH aTMOCiepbI OT KHOPMAJIbHbIX» 
3HaYeHHH. Tak Kak 3TH OTKJIOHCHHA MPOHCXOLAT B OCHOBHOM B cul0e O—3 +4 KM 
H MpHBOQAT OObIYHO K YMCHBINEHHIO MPOBOAUMOCTH, TO BbIUMCICHHbIe 3Ha4YeHUA 
MOTeHWMaa HOHOCHepbl MOryT OKaSaTbCA HECKOJIbKO 3aBbIIeHHBIMH (4). 

OOpaoTka WaHHbIX H3MepeHHt Jaa cneqyioulMe pesy/IbTAaTHI: 

1, MonoTonupl xoq HalpaxKeHHOCTH NOMA C BBICOTOM, axKe B ACHBIC THH, 
yacTO Hapylulaetca. Hapsyy c SKCNOHeHIMaNbHbIM yOblBaHHeM Cc BbICOTO H 
noaa E = E,e-*4 (a mensetca or 10-* no 1,5-10-%, ecu A usMepaTb B MeTpax), 
BCTpeyaeTca pA CJlyyaeB, KOra Ha HeKOTOPOH BeIcoTe (yale 3000—4000 m) 
HallpAXKEHHOCTH NOMA NalaeT NO HYJIA WIM CTAHOBHTCA YCTOHYHBO OTPULaTeb- 
HOH. OTmMeuarorca Cuyyan, KOra BIeKTPHYeCKOe Noe C BHICOTOM MOUTH He Me- 
HACTCA, COXPaHAA NO OOJIbUIMX BbICOT 3Hay¥eHHeE oO 0,25—0,35 B/em. Hepenko 
HaOMOofaeTcH XOX MOA, MPH KOTOPOM HalpsxKeHHOCTh uMeeT MaKCHMyM Ha 
BbICOT€ OT HECKOJIbKHX COT M€TPOB JO H€CKOJIbBKHX KHJIOMETPOB, pacmovarato- 
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HCA OObIYHO NOR rpaHHuel TemnepatypHoH HHBepcuu (°), Bpwie MakKcCHMyMa' 
ANIPAXKEHHOCTh Me€HAeCT 3HAK HM CTAHOBHTCA OTPHIaTe/IbHOH. 

2. MoHOTOHHOe BO3PacTaHHe MOTeHIMasa C BbICOTOH TakxKe 4acTO Hapy-- 
aeTCH Janke B ACHY!O Norogy (puc. 1). 
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kc. 1. Xo anexTpuyecKoro moTenuHMaa c BEIcoTOH. / — Jlenuurpag, 1958 r. (75 noppemos); 
— Kues, 1958 r. (50 noybemos); /// — Taurxenr, 1958 r. (50 nogbemos). CnowiHad KpHBaa— 
4 10 Tuury (cM., HampuMep, (*)); @a— H38MepeHHble BeEMUMHbI MOTeHUMasa; 6 — BHICOTHI, rye 
WBad H3MCHEHHA TOTeHWMasa C BbICOTOH HMeeT MA@KCHMYM, T. e@. BBIIle MOTeHI[Mal yObiBaeT 


3. HauOonee pepostTnaa BenuunHa noTenumana na BpicoTe 6000 m oKa3a- 
aCb HWDKe OKUMaemMOH. Kak BuAHO u3 TaO. 1, OHA JeEKUT B Mpegenax ot 120 
» 160 KB, HaHOoulee BepOATHOe 3HAYCHHE NOTeHWMaNa HOHOCHepb! COcTaBIAeT 
KHM O6pa30m OKOsIO 200—250 xs. 

4, CyTounpie H3MeHeHHA TMoTeHWHaa Ha BEICOTe 6000 m yame Bcero He T0- 
)OHbI YHHTAPpHOH BapHallHu HM Pa3JIMUHbI JIA BCeX TpeX MYHKTOB HaOJIOAeHHA 
foWHO H TO 2%Ke Bpemsa (puc. 2 A). OTHocuTenbHbIe KoNeO6aHHA MoTenmMana: 


I TaOnauua 1 

| TloptopsemocTb BeaHUHHEI NoTenuMaa Ha BEIcoTe 6000 m B 1958 r. (uNcCMO ciy4aes). 

Oxkynyjaemoe mo cxeme Tuma (7) 3HayveHHe moTeHitMaa Ha BEIcoTe 6000 M-+280 xs, 
moTeHuval uonochépr + 400 kB 


J\vana30H H3Me€HEHHA MOTeHUHAa B KB 
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B TeyeHne’cyTOK Ha BBICoTax oT 500 no 6000 M MMeloT TeHACHIHIO K YMCHb-” 


4a 


menu ¢c BpicoTolt. Ha Bricore 3000—4000 Mm uacTo HaOm0qaloTCH HaHMCHbILHe © 
KONe6aHHA NMOTeHUHasa, MpHyeM BbIIIe OTHOCHTCJIbHBIC KONeOaHHA TIOTeH-— 
wana uacTo CHOBa yBeruunBaoTca. B cyTOUHOM xOje MOTeHIMala Ha Ppa3s-— 
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(Puc. 2. A — yHurapnas papnanua (J) u'cytou- 
Hble U3MeHeHuaA NoTeHnHana (JJ, III, IV) wa 
BpIcoTre 6000 m B cenTaAGpe 1958 r. B scHbIe 
mun: J] — no Jlenuurpagy; //7 — no Kuesy; 
IV — no Tamxenty. 5— yuutapuas Bosna (/) 
4 “cyTOUHBIM XO MOTeHUMaa Ha BbICOTaX oT 500 
yo 6000m B TauikenTe B ACHbIe JHU MIOHA 1958 r. 
(2— 7): 2— 500m; 3— 1000m; 4— 2000m; 
5 — 3000 m; 6— 4000 m; 7 — 6000™m 


JIMUHBIX BbICOTAX YacTo HaGJIOMaeTCAa 
CMeILeHHe MaKCHMyMa cC_ BBICOTOH © 
(puc. 25). Ha sricorax 200—300 m 
B Jlenunrpane u Kuepe yHuTapHaa 
BapHalua HallpsxKeHHOCTH MNO/IA 
IIpOABAeTCA JOBOJIbHO 4UeTKO- 
(puc. 4), BbIme H HMKe HaqHHaer 
Pa3MbIBaTbCA, H MA@KCHMYM KPHBOH 
HauHHaeT CMelLaTbCcs. 

» TakuM OOpa30M, MOJ@JIb «llapo-— 
BOrO KOHJeHCaTOpa» He Halla B 
HallMX OMbITaX MOMTBeEPKAeHHA. 

VMutepiperupoBaTb TOJly4eHHble . 
pe3yJIbTaTbI MO?KHO, eC/IM MepeHTH 
OT MOJleH WapOBoro KOHJeHCaTOpa 
K MOJ@M 3apsx%KeHHOrO Wapa, OK- 
py2KeHHOTO OObeEMHBIM 3apsayom. Tak 
Kak Ha YpOBHe SeMJIN B MOJIAPHBIX, 
POPHbIX H OKeaHH¥eCKHX OOMACTAX 
HaGmofaeTCA yHUTapHasd Boa (°77) 
M OTMeuaeTCA XOPOlaA KOppenAluA 
M@XK]Y YHHTAapHOH BOJIHOH NOA MH 
CYTOUHBIM XOJOM FpO30BOH aKTHBHO- 
CTH M10 Bcemy 3emMHOMy lWapy (%), TO 
MOXKHO CUHTATb, YTO TOKH, TEKYLLHe 
Ha GeMJIIO B paHouax c rpo30H, Noy- 
3apAxKalOT ee, HM CYTOUHBIN XOR 
HallpAXKeHHOCTH MOA BONM3H MO- 
BEPXHOCTH SeMJIM eCTb, B CYIILHOCTH, 
XO IWIOTHOCTH MNOBepXHOCTHOTO 
gsapaga SemaH TaM, rae OH He 
HapyleH  MeCTHBIMH OObeMHbIMU 
3apaqaMu. 

Sema OKpy2KeHa OOBEMHBIM 34a- 
PpANOM, MONe KOTOPOrO Hak abIBaeT- 
CH Ha Moule ee MOBePpXHOCTHOTO 3a- 
pala, HKOMeOaHHA CFO «CMAa3bIBaIOT» 
KoeOaHuA YHHTapHOU BapHualun, No- 
STOMy KOIeOaHHA! NoTeHWHana Ha 
BbICOTaX OOYCJIOBJICHbI H3MeHCHHAMH 
B pacipeleienHuH HM BeNMUMHE 
o6bemHOoro 3apaqa aTmocdepsi. 
Uacto oObeMHbI4 3apanq B CAOe 
3—4 KM yKe TaKOB, 4TO Mowe era 
MOJHOCTbIO KOMMeHCHpyeT Moe 0- 
BePXHOCTHOPO 3apana Semuau. 

Ec 43 H3MepsxeMOH HalpsxKen: 
HOCTH MOJIA BLIYCCTh HallpAKeHHOCTE 


M01, CO3,aBaeMy10 COOCTBEHHBIM 3aps0M 3emau (E yHuTapHoe), TOBMepBoOM MpH: 
‘OMKEHHH MOXKHO BHINCIHTS MOe, OOyCMOBIeEHHOe OOBEMHBIM 3apaoM aTmMocdhe 
ppt. [I[pHMep moqoOxoro anamu3a UpuBegen ua puc. 3. Kak BugquHo, Kone6anus 
M3MepHeMOro MOTeHWMala Jake MPH HeHaPyUICHHbIX YCIOBHAX B OCHOBHOM HO 
BTOPAIOT KONeOaHHA MOTeHWUMala, OOyCMOBMeHHOrO OOBeMHBIM 3apsOM ‘aTMO 
‘ctpepbl. Bce palonbr 3eMHOrO WWapa MOX*KHO pa3sqeHTb Ha Tpu O6macTH: 


A ) 6 


I — o6nacTu renepauun o6bemHoro 3apama. K Hum Hao OTHeCTH BCe “06- 


CTH, MOKpbITHIe OOaKaMU; Mpounb 9eKTpH4ecKOrO NOMA B ITHX culy4asax, 
K MpaBH0O, pe3KO Hapylien. 


Va ti AR Eade: ‘ 3 6 20 Avae. 


c./3. CyTOuHbili XO NoTeHIMama Ha BBICOTaX Puc. 4. CyTouHbIi XOX Nowa Ha BLICOTaX OT 
DO m (1), 1000 m (2) u 5000 m (8) B acubIe AHH 200 no 500 MB ACHHIe Hu 1958 r. J —n0 Jle- 
jona 1958 r. B JlenuHrpage. a—uamepenueli uuurpany, 7//— no Kuesy. /— 200 m; 
pTeHmvan; 6 — MoTeHyvan,  oO6ycOBeHHbI 2— 300 m; ?— 400 m; 4— 500 m 
OcTBeHHbIM 3apxy0M Semuiu; @— noTenuuan, 

DYCMOBJICHHbIM OObEMHLIM 3apaOM aTMocepbI 


I] — oOacTu, Te MOHOTOHHOCTbh H3MCHCHHA HallPAXKCHHOCTH 9JIeEKTPHYe- 

Oro NOJIA C BbICOTOH HapyllaeTcad BHeCeHHbIMH 43 OOacTH I OOBeMHBIMH 3a- 
slaMH. OTHM CJyYaAiM JOJMKAbI COOTBETCTBOBATh Mpopusu, OTCTyMaoulHe OT 
CMOHeHTEI. THM npopusia 3aBHCHT OT BeJIMUHHbI WM paciipesetenua 3apsqa 
cTrom6e aTmocdeppt. 

III — o6macru, rae o6bemubli 3apayq Bcero crom6a aTMocdeppl Mal MH He 
a3bIBaeT CYILeCTBeHHOrO BJIMAHHA Ha Moe MOBEPXHOCTHOrO 3apaya Semin. 
| 8THX OONACTAX KaK Ha SeMme, TaK M Ha BbICOTe AOJKHA MPOABJIATbCA YHH- 
ApHad BapHallus. 
| Tor ®akt, 47O yHuTapHad BapHallun HaOmOLaercA B «HaPYLIeHHbIX» OOsa- 
fax (THNa OOmacTu II) TombKO Ha OMpeqeeHHbIX BbICOTax (~ 200—300 mM) 
buc. 4), OOBACHAeCTCA TEM, YTO MOA OOBEMHBIX B3aPAQOB, PaCHOJIOMKeHHbIX 


D3BOJIAA MPOABUTbCA B YMCTOM Be Momo COOcTBeHHOrO 3apaqa SemuH. 
Mrak, OMbiTs! MO 30HUpOBaHUlO J/IEKTPHYeCKOFO NOJIA aTMOCHepbI HE MO- 


AM W3MepeHHii, OYeBHHO, 3aKOHOMepHee MepeTu OT MOsedM ccbepuyecKoro 
OHeHCaTOpa K MOMeIM 3apaAKeHHOTO Wapa, OKpyXeaHOrO OOBEMHBIM 3aps- 
om. Uro6nt Oomee cepbe3HO OOOCHOBATb ITY MOJeb, HEOOXOAUMO JaJIbHeHuee 
ByYeHHe MOBeeHHA OObEMHOFO 3apAa aTMOCephl, yCOBHH ero reHepallMn, 
ACIIpPOCTpaHeHuA HM pacMpesemeHuA B aTMOCcepe. 


TnapHasd reopu3snyeckaa oOcepparopua Tloctynuso 
um. A. WM. Boetkosa 29 XII 1959 
LMTHUPOBAHHAS JIATEPATYPA 
1. H. TpepcxKo#, ArmochepHoe aexrpuuectso, JI., 1949. * H. Israel, 


tmospharische Elektrizitat, Leipzig, 1957. *%F. Whipple, F.Scrase, Geophys. 
em., 7, Ne 68 (1936). *HW.M. Amsauutos, Uxpopm. cOopx. kom. PYIMC no mpose- 
>Huio MIT, Ne 5, 1958, erp. 12. &S.J. Mauchly, Res. Departament of Terrestrial 
agnetism, 5, 387 (1926).6 H. HM. Swerdrup, Res. Departament of Terrestrial 
agnetism,6 (1927). 7 T. B. JIo60,4H, Muopm. c6opx. kom. PYTMC no mposezenuio 
IT, Ne7, 1959. ®H. M. Umaunurtos, IIpHOopht H MeTOsbI WIA H3y4eHHA SleKTpHueCcT- 
a atmocepti, M., 1957. *® HW. M. Amauurtos, Tp. Inasu. reopus. o6c., B. 35, 3 (1952). 
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Jloxnayn AkafweMuM Hayk GGGP | 
1960. Tom 132, N: f 


TEXHHYECKAA PHSHKA 


B. JI. KAJIAXMAH un A. C. YMAHCKMM 


W3Y4EHWE HAYAJIbHbIX CTAXUA BOSHHKHOBEHHA 
JM@Y3HOHHOM MOPHCTOCTH B CNJIABAX Ji62 HW H80X20 | 
METOJOM MAJIOYPJIOBOrO PACCEAHHA PEHTTEHOBCKHX JIYYEM 


(ITpedcmaereno akademuxom T. B. Ky pdtwmoéoim 29 XII 1959) 


UccneqopaHuio O6pa30BaHHA Audpy3HOHHOM NOPHCTOCTH IPH OTTOHKe JeTy- 
yeli KOMIOHECHTHI H3 Pa3JIMUHbIX CMVIaBOB NOCBAWeH pay padoT (1~%), B pesyJIb= 
TaTe KOTOPbIX YCTAHOBJIeHO, YTO Mpowecc STOT B H3BeCTHOH CTeMeHH aHaJIOrH- 
yeH Tpoueccy BbIeeHHA BTOPOH :asbi U3 TepPeCbILLeHHLIX TBEPALIX PaCTBOPOB, 

Ms u3y4HIH Mpomecc o6pa30BaHHaA Nop B a-saTyHH (JI62) u B cniaBe 
H80X20 (HuxXpoM) Ha Hau¥aJIbHbIX ero cTaquax. Bp IpHMeHeH MeTOA pacces- 
HHA PeHTTeHOBCKHX JIyueli NO MaJIbIMH YIviaMH. 

CbeMKH PeHTTeHOrpaMM MpOH3BOAHJIHCb B BaKYYMHOH KaMepe CO ILeJIeBbIM 
yCTpolicTBOM, COOpaHHbIM mo cxeme Kpartxu ((4), cm. puc. 1) 43 KOHIEBbIX Mep 


penmeenob- 


CKaA enka 


mpyoxa 
2 4 
Puce. 1. / — neppan menb; 2— «HH3»> BTOpOH mesH; 
3 — «Bepx» BTOPOH wenH; 4— OBylIKa NepBuuHOrO MyuKa 


{(nuMTOK HoraHccoHa) Ha XOPOWO MIpHTepTbIX CTaJIbHbIX HalipaBsatoulux. UIn- 
puHHa NepBot mer cocraBasa 100 p, qHHa OKO 10 mm. B pa6ote ucnomb30- 
BaJlOCb (PHJIBTPOBaHHOe MeAHOe H3JyYueHHe. TOMMHa MPHMeHABIUeroca HUKe- 
NeBoro (uIbTpa cocTaBala 7 pw. 

JA BbIpallMBaHHaA KPYMHbIX 3epeH OOpasup JI62 nepex OTTOHKOM WHHKa 
OTKHTAaIHCb B aTMOCHepe HACHIMaIOWNNX MapOB WHHKa IIpH TemMepatype 750° 
B TeyeHHe OMHOTO Yaca, OOpasibl us cniaBa H80X20 — B nacpitlaiomux Mapax 
xpoma lIpu Temmepatype 1200° rakxe B TeyeHHe OHOrO Yaca. Sepna B aTyH- 
HbIX OOpasyax BEIPOcIH Ao 0,1 MM, B HUXpoMOBHIX — JO 0,5 mM. 

Touma oOpasyos, MO_BepraBlHXCH peHTreHorpadupoBaHHlo, cocTaB- 
Jaga 30. Usroropisnucb OHM JIHOO TyTeM MpoKaTKH Ha Py4YHOM JBYXBaKO- 
BOM CTaHe JO KOHCYHOM TOJIMMHBI, M60 IIMOBaHHeM Ha TOHKOM wWaHoBab- 
HOH Oymare Cc O6eHX CTOpPOH Ooulee TOCTOH boubru. 

IIpuroToBjenuble TakHM CmOco60M OOpasiibl, H3 KOTOPHIX He OTTOHANAacb 
JleTyuad KOMMOHEHTA, He JaJIM 3aMeTHOTO MaJIOyrIOBOrO paccesHUA. ITO FroBo- 
PHT O TOM, 4TO B LaHHOM Cylyyae scpeKTOM ABOHHOrO Byb*-OperroBceKoro oTpa- 
2KCHHA MOXKHO penedpeub. 

OGHapyxKeHO, YTO MawloyrsloBoe paccenHHe OT OO6pasnoB JI62, us KOTOpEIX 
WHHK OTTOHAJICA B 3allaiHHOH OTKayaHHOH amMmysie pu Temlepatype 800° 
B TeyeHHe OMHOTO YaCa, HEPaBHOMeEPHO BYONb JWIMHbI WelM (puc. 2, a), 
Anasornunylo = KapTHHy = alor ~oOpasmpr us J162, npencrasnsatomue 
coOol H3BJIeYeHHYIO Jif PeHTTeHOBCKOFO aHasu3a cepleBHHy (OJIbry 
C TOJMMMHOH, paBHO 90, HS KOTOpOli UMHK OTTONAICA pH Helpe- 
PHIBHOH OTKauKe B TeyeHHe 5 MHH. pH TemMmepatype 750° (puc. 2, 6). 

108 


Kemame B. Jig Koauxmana u §1.C, Ymancxozo, cmp. 108 


Puc. 2 


K cmamee M. H. Haouncxoti, cmp. 185 


Puc. 2. Muxpootorpabuu mopospl. a— 45 x MpH OAHOM HHKoNe; 6— 45 x, 
Hukou +; 6,e— 58 X, HuKONH + 


TAH, T. 132, Ne 41 


MasoyrioBpad KapTuHa, MoyyenHaa oT o6pasy0Bn H80X20, orox:xKeHHbIXx 
3aladtHHOH OTKa¥aHHOW aMmiyle B TeyeHHe OMHOrO Yaca pM TemMepatype 
(00°, TakxKe XapakTepH3yeTca HepaBHOMePHOCTHIO NOYePHEHHA BAOMb LJIMHbI 
emu. [locne oTroHKH JIeTy¥eli KOMMOHEHTHI B TeyeHHe 5 MMH. pH HempepprB- 
Hi OTKAYKe U3 TeX Ke OOPa3ilOB IPH COOTBETCTBYIONNMX TeMMepaTypax KapTHHa 
AIOYIIOBOrO PpacCeAHHA CTAHOBUTCA PABHOMEPHOH BAOIb AIMHbI We (Puc. 2, 6 
ia JI62). 

HanOomee BepoaTHOH Mpw4yHHOH OOHapyxeHHoro sibibeKTa saBsaeTcA He- 
IBHOOCHOCTb MOp Np OMMHAKOBOM HX OPHEHTHPOBKe B Npesemax OAHOFO 3epHa. 
page paoor, Halipumep (°), MoKa3aHO, 4TO B 3TOM Cy4ae MaOyrvIOBad Kap- 
[Ha JOUMKHA ObITb HePpaBHOMePHOH BO/Ib AWIMHbI WevIH. 

Ilo sce BepOATHOCTH, NOP! 3apox*KLaloTCa Ha MOBePXHOCTH MaCTHHYATHIX 
ICTHIL TipMMeceH, SAKOHOMeEPHO OPHeHTHPOBaHHbIX MO OTHOIIeCHHIO K OCHOB- 
MY MeTamy. Ha HayabHbIX CTamuAX Pa3BHTHA NOpbl MpeycTraBAtoT coboli 
HKHE WEI, PACMOJIOKeHHbIe BAOIb STHX MOBepxHocTeh. Takoe OObaACHeHHe 
HaPYKeHHOFO ABJICHHA XOPOWIO corjacyeTca c TeM (paKTOM, Y4TO OUMCTKAa 
TyHM OT TIpHMeceH CHJIbHO YMeHblilaeT OOpa3zs0BaHHe Nop pu OTTOHKe 
1HKa (°). 


MockOBCKHi HHCTHTYT cTaH Tloctynusio 
um. VW. B. Cramuua 28 XII 1959 


LMTHPOBAHHAS JIATEPATYPA 


ie. Wem ye HH. (Ci. Dia. HayK, 11, 0B 2.217 (l9o1). = ea Cae Age 1 pial xcaene 
2B, A.C. YMauckuh, VM3p. Boicm. yuedu. 3an., I[BerHan metasmyprua, Ne 6 (1958). 
eB lin, ©: R-, 232) Ne 20 (1954). * O: Kratky, Kolloid-Zs:, 1445 110 (1955). 
A.Guinier, G. Fournett, Small-Angle Scattering of X-Rays, London, 1955. 
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Jloxnayn Axagemuun nayx CCCP 
1960. Tom 132, Ne 1 


KPHCT AJIJOLPA®H A 


r. fr. ABOPAHKHHA uw 3. I. NMMHCKEP 


3JIEKTPOHOrPA®HYECKGE HCCJIEMCBAHHE Fe,0, 
(IT peécmaereno axacemuxom H. B. Beaceoim 29 XII 1959) 


Kak noka3aiu MaruuTupie (1) wu auekTpHueckue (?,°) u8MepeHHa, a TakxK 
HeHTpOHOrpaduyeckue UCCIEOBaHHA @ 5), MarHeTHT FeO, uMeeT CTPpyKTypy 
«oOpalleHHoli» wmnHemn (°,°,°). B sto crpyktype 8 TeTpasqpuyecKkux NycToT 
B KyOH4eCKOH MIOTHOH yMaKOBKe HOHOB KHC/OpOa 34HATHI 8 TpeXBaJICHTHBIMH 
MOHAMH 2Kee3sa HW B 16 OKTaIIpHYeCKHX MycTOTaxX HeyNOpAOVeHHO pacnpenene 
Hb 8 ABYXBaJICHTHIX MOHOB %Kese3a HM OCTABLUINeCA 8 noHoB Fe??*, 

Ha ocnope TaKOl CTPyKTYPHOH MOJeIM XOPOMO OObACHAIOTCA saMe1aTe b= 
HbIe slekTpuyeckue (7,°,7~°) w MarnuTupie (',7°) cBolcTBa MarHeTuTa, a 
Jap KOTOpPbIM OH ABUACTCH IGHHbIM TEXHKYeECKHM MaTepHaJiom. : 

Tloioxenue KHCOpOa B CTpyKType UMHeNM GbuKCHpyeTca OJHUM mapa= 
MeTPOM UW, KOTOPHIH B Cyyae HeaIbHOH wnHHeIH paBeH 0,375. B peasbHbIx 
WINHHEIbHBIX CTpyKTypax OOplyHO u>0,375, Hanpumep, aaa MarHueBoro oom 
puta MgFe,O, Opiio HaligeHo u = 0,381 (11,7). 

CnelvaJIbHbIX paOoT MO ompeesieHHiO MapaMetpa u B cTpyKType Fes,O, no- 
CcTaBJIeHO He Oblvi0. B _PeHTreHOBCKOM uccyleqOBaHuH (1%), MOCBALLeHHOM ompeye- 
JIGHHIO pacceHBalOleH CNOCOOHOCTH KHCNOpOa HW *Keslesa MIA peHTTeHOBCKUX, 
Jyuel, B KOTOPOM aBTOp HCXOJHJI H3 CTPYKTYPbl «HOPMAJIbHOM» WINMMHeIH 
ana FesOa, 6b1I0 NOMyYTHO yCTaHOBJIeHO 3HayeHHe NapameTpa u = 0,379 + 
+0,001. OgHako 9To onpeqedeHHe NO pay MPHYHH HeAb3A CUNTAaTb ROCTOBep— 
HbIM. B padote (‘) ObllO NOJyYeHO JIA NapameTpa wu 3HaueHHe 0,379 nyTem 
BbIUHCJICHHA BeCbMa IIpHOJIHXKCHHBIM METOJOM MHHHMyMa OOulero 1 oe 
peluerKH. | 

B HacTosmleH padote MbI MOCTaBHJH Mepey coOoK 3anqayy yTouHeHHA epee 
Typbr FesOs sekKTpoHOrpauyecKHM HCCIeOBAaHHEM TOHKHX CJIOeB. 

OQ6pasubt FesO4 NPHrOTOBJAJIHCh H3 MWI€CHOK %Kee3a, MOMYYeHHbIX BOSFOH- 
KOH MeTaJlula B BakKyyMe H OCaxKenHem Ha CKO NaCl nytem oTxKura 3THX Ne 
HOK B BbICOKOM BakyyMe B TeyeHHe 4 Yac. NpH Temlepatype 300—350° w 
OXJaKIeHHA JO KOMHATHOH TemMepaTypbl Ha BoO3snyxe. 

OQNeKTPOHOrpaMME!, CHATLIE HAMH OT TpeX OOpa3sloB, OTBeEYaIH Dubpakwunw 
OT NOMKpuCcTaIia. Pacuer ai BO3MO%KHOCTh MHTepMpeTHpOBaTb nowy eH 
HY!0 KapTHHY Kak Judpakwnto oT FesOa. Ilepuon pellleTKH, ONpeeeHHbI Hamu 
Mp MCNOMb30BaHHH B KayecTBe sTamoHa HHH OT NaCl, paBuanca 8,404 
+0,01 A. Hurencusnoctu nepppix 46 anni u3mMepsnucb NyTem MuKpodoTo- 
M€TPHPOBaHHA SJIEKTPOHOrpaMM C KPaTHBIMH SKCIOSHIMAMH C MOCceLyIOUlHM 
MOCTPOCHHEM KPHBbIX NOvepHeHHA. MuTencuBHOCTH 28 JaIbHAX JIMHHH Obliw 
H3MepeHbI H3 OLHOH 3€KTPOHOTpaMMBbI yTeM CPOTOMeETPHPOBaHHA ee MH TMpHMe- 
HeHHA COpMYJIbI 


Toona 


I 


MaKkc 


I ~ log 


Takum o6pasom OblJIM NOwJyYeHbI HHTeHCHBHOCTH 74 MHHMH, COOTBeTCTBYIO- 
ux 153 pedpseKcaM, BCJleCTBHe 3aKOHOMepHOrO CAMAHMA Ha 9JIEKTPOHO- 
rpaMMaX OT TOJIMKPHCTaJJa pePNeKCOB C OMHHM H TEM XK€ M@2KIIIOCKOCTHBIM 
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acCTOAHHEM dijx;. JA onpeweneHus MHTeHCMBHOCTeli TakHx pedsleKcoB Ux 
YMMapHaA 9SKCNepHMeHTaJIbHaA MHTeHCHBHOCTb pa3jenach B OTHOWeHHH 
OpeTHYCCKHX HHTCHCMBHOCTeH. OTH TocsenHue, a TaKKE Droop BLIMHCIAIMC 


if MpocTpaHcTBeHHoi rpynubt O; — Fd3m c Havarom KoopauHaT B ueHTpe 
AMMETPHH NPM CJleLyioulMX NooKeHHMAX aToMoB: 8Felb(a); 16Fellb(d) u 
20b(e). IIpu stom napamerp Kucnopoqa u=0,25, uro coorsercrsyer 
= 0,375 mp BsiGope Hayana Koopyzunat B Fel, Aromnpie cpaktoppt yaa Fe 
O 6bIIM B38ATHI M3 HOBLIX TaGuMIL fon (1). IIpu u =0,25 kucnopog Buocut 
Klay, B CTPYKTYPHbI€ aMNIHTyYAbI Tex pedweKcoB, y KOTOpHIxX A+k = 4n; 
+l=4n; l+h=4n. Octanpupe pednexcn o6pa3yiorca TOKO 3a cueT 
ACCeAHHA ATOMAMH >Kevlega *, 

®,eop. YMHOXKEHHbIe Ha TeMnlepaTypHI daxtop (Br. = 0,3 A?, Bo=0,5 A), 
DABHUBAINCh C Doxey WIA KAKAOTO H3 TPeX OOpa3OB OTMeJbHO. OKasasioce, 
TO B HHTCHCHBHOCTH JIA JBYX OOpa3il0B TpeOoBaylOocb BBeseHHe MHamuue- 
<OH NOMpaBKH, AIA OHOTO OOpasila pacceAHNe MOMKHO ObIO CUMTATb YACTO 
WHeMaTHYecKuM. ConoctaBseHne Oreop C YCPeMHEHHbIMM Wocse BBe_enus 
aHaMnyecKkOH monpaBku (1°) Ozxcn Baslo tbakTop pacxogumocTtu R = 18,5%. 

Ana fanbyehwero uccieqoBaHua Obl BHIOpaH OOpasell Cc KNHeMaTHYeCKUM 
ACCeAHHEM, YTO OOecHeyNBaNO Somee OOBEKTHBHOe oMpeyemweHne Napamerpa 
, HEM JIA OOpasuoB, B KOTOpble BHOCHJIacb JMHAMHYeCKaA TonpaBKka. 

Jina yTouHeHHs KHCNOpomHorO TapamMerpa MeTOLOM MMHMMasu3alluu 
AKTOpa pacxofuMocTH H3 pedJIeKCOB, HHTCHCHBHOCTH KOTOPbIX ompemesa- 
ACb MHKPO(OTOMeETPHYCCKHYM METOJOM C MCMOMb30BaHHeEM KpaTHbIX 9KCTO3H- 
AM, ObINH BEIOpaHE! 16 pednekcop c h+k=4n, R+1=4n; 1+h=4n. 
WHMMAaJIbHEI daktop R= 11,7% Opin nonyyen pzna u = 0,263. IIpu taxom 
IOXKCHHH KHCIOPOA BHOCHT BKJIafl yxe BO Bce oTpaxeHus Ak/, Vcnomp3ya 
OT MapaMeTP, MBI OllpesemAIM paciipeseseHve KaTHOHOB B pelleTKe Fe,QO,,. 
MABHHBAA Doxcn C Dreop WIA ABYX MOeeH HOPMaNbHOH mM «OOpaleHHOl» 
NHHeJIH. 

1) htk=4n, Rtl=4n, l[+th=4n-+ 2; 

A = 32 {cos 2xlz cos x (A 4+- Rk) (x -4+- y) cos t(h — k) (x — y) + 
+ sin 2nlzsino(h —k)(x + y)cosr(h + k)(x— y) +} 
+ cos 2nlx cos (Ah + k)(y +z)-cos x (h — k)(y — z)-+- 
+ sin 2nlx sinn(h—k)(y + z)cosr (A+ k)(y—z) + 
+ cos 2nly cos x(h + k)(z + x)cosm(h — k) (2 — x) + 
+ sin 2nlysinn(h — k)(z + x) cosx(h + x)(z2— x)}; 
Ba The aE aceon hee, Feliamne ale 


Dy AAD be Ane Quekes | SAnwokssh = 4n; 
h—-+k—-l—-h eB 1). 
3) htk=4n, k+l=4n+2, 14+h= 4n; 


h+l+k—-hAB 1). 


Jina oOseruenus pacueToB ObIJIH B8ATbI He BCe fe(beKCbI, a TobKO 20 
PBBIX OTpaxKeHHli, (akTopsl paccesHuA fox Ask wonoB Fe*", Fe®* u O* 
JIM: BBISHCJICHbI HHTepMO/AlWeH H3 PeHTTeHOBCKUX MaHHbix. YueT wHOHHOrO 
TOAHUA BHA TOKO Ha Dreop ABYX MepBbix oTpaxkennl: (111) u (220) 
sin 6/2 papapm 0,103 u 0,169 At. [laa crpyKTypbl HOpMasbHO wnKwHewH 
nN nomyuer daxtop R= 12,6%, aa «OOpamennoiiy R= 11,2%. Cpapne- 


* TIpw BBIUHCIeHHH CTPYKTYPHBIX aMIVIHTYL WIA Tpex rpynm orpaxenni: 1)h-+ k= 4n, 
: a, (+h= ae Sy heb k= ie Qktl=4n, l+h=4n; 3)h+k=4n, 
-[=4n4+2, i+ h= 4n, mbI Haman, YTO CTpyKTypHbIe PakTOpbl HM COOTHOLMEHHA Mex LY 
i (CBA3KH) JIA STHX TPylN pedekcoB B HOBOM u3jaHun MHTepHalMOHasbHbIX Tabmny (7°): 
bI HeBepHo. Hamu Obi BbIBEeHLI NpaBMJbHbIe POpMYLI CTPyKTYPHbIX PakTOPOB H CBASKH 

9TAX rpyln oTpaxennit us o6mel PopMysbI WA cTpyKTypHOrO daxtTopa. 
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Hue Dreop, BEINHCJIEHHEIX fa Bcex 153 petpseKCOB (sin6/X or 0,103 no 
1,136 A-4) c ncnomp30BaHvemM MOjesM “OOpalleHHOHy INTHHeIH H napametTpa 
u — 0,263, c Doxcn Wasto R=15,7%, TpHyeM copnaatoulHe 9KCIIepHMeH- 
TAJIbHbIe OTPaxKCHUA Pa3JeAJIHCb B COOTBETCTBHM C HOBbIMH Dyeop. Ho Dsxen 
6biIO TOCTpoeHO OfHOMepHoe ceyeHHe TpexMepHoro psiqa MOTeHUMala TO 
Hanpapsenuio [111]. Ha cevenun @-pala KHCHOpOA CABHHYJICA H3 NOMOKE- 
Hua uw — 0,263 B nonomenve u = 0,258. 

IIpu nomouiM 2TOrO 3HayeHNA UW Obl PacCHHTaHb! HOBbIe Dicop; a SKCueF 
PHMeHTaJIbHbIe pasfeyeHbI B OTHOWeCHHH STHX TEOPETHYECKUX. @MakTop 
pacxogumocth R = 15,4%. 

Ha ceuenun @-panga no [111] (puc. 1), MocrpoeHHOM HO STHM Dexcwm 
monoxenne KucOpoMa He u3MeHHsIOCcb. TakuM OOpa30M, HaMH 6bll MoOwJyueH 
KUCAOpORHHIM Mapametp u = 0,258 + 0,002. 


Fe*” Fel’ Fel” 
M208 


Puc. 1. OqnomepHoe ceyvenue D-pagza no HanpaBsenmio [111] B crpyxtype FesO.u 


BpicoTE! MHKOB Ha CHHTe3e ObIJIH HOPMHpOBaHbI K BOJIbTaM. HeGosnpmoe | 
“pagIM4une BbICOT MaKCHMYMOB JIOTeHI[HaIOB KHCAOpoya u x*Kesesa B 1/.4/g1/, 
{rerpasmp) 1120B Hu B 4/s'/y'/, (oxTasaqp) 1062B eme pa3 no_TRepxaeT 
co6palleHHy!o» CTPYKTYpy LIMHHeIH MarHeTHTa. 

OrHoweHve BbICOT MA@aKCUMYMOB OTeHIIMaJIOB KUCOpoqa u  x«*eNe3a 
(c yuetom ¢ (000)), paBHoe 3yecb 4528/1150B = 0,393, MoxHO cpaBHuTb (17) 
c oTHomweHveMm (Z,/Zpe) 0,75 = 0,414. Takum o6pa30m, HaOmonaeTca He- 
OobuI0e YMeHbiWeHHe pacceHBalOWleH CMOCOGHOCTH KHCNOpOa TO OTHOLMIeHHIO 
K 2Kee3sy, YTO NOATBep%xKWaeT HMOHHOe cocTOAHMe KHCOpOqa HW xKeNe3a B 
Fe,O,. 

Jjanee MpeqctTaBJAJIO HHTepeC BbIUHCMHTh paccToaHHe Mexgzy O7 u 6yH- 
*KaHUIMMH HOHAMH 2KeJe3a B TeTPad{pH4YeCKOM H OKTAIIPpH4YeCKOM MO0%Ke- 
HNAX HW COMOCTaBHTb HX C CYMMAMH HOHHbIX paguycos. Mouupie paquycni m0 
Tospaumugty (18) qa KoopqunauMonHoro uuena 6: pet = 0,83 A; rpet = 
= 0,67 A, ro-~=1,32 A mar paccrosnna 


f Pett oP ro- = 2S A, f Pest a. for = 1,99 A, Me (Tre + fFet+) => 2,07 A. 


CokpauleHue JIS KOOPAMHalMOHHOrO 4ncaa 4 HOHHbIX payuycoB npu6su- 
3HTeIbHO Ha 4% TIpHBOMMT K paccTOAHUaM: 


rec + ree = 2,06 AS Peete + rom = ot A. 
1412 


IKCHEPHMEHTAIbHbIe PACCTOAHHA, BLIMMCJICHHbIe Jia Tapametpa u=0,258, 
lyioulHe: KHCOpo,— WeHTp oKTaszpa 2,03 A, kucopoq—ueHtp terpa- 
a 1,935 A, T. e. B xopomiem cormacuu c yKa3aHHbIMH CyMMaMH. 


Mucruty?t kpucrasmorpadun Tlocrynuso 
Axkayemunu Hayk CCCP 7 XA 1959 


MucrutryT HeopraHHueckol XuMuu 
Cu6upceKoro orgeneHua Akayemun Hayk CCCP 
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HLoxraage Akagemun nayrx CCCP 
1960. Tom 132, Ne 41 


XHMH fl 


A. K. APEH, 0. A. HEHJIAHJ, u axanemux AH JlarsCCP f. §. BAHAY | 
O CTPYKTYPE 2-n-HUTPO®EHMJIMHIAHMOHA-1,3 


Ms3yuas aMHHompou3sBoyuble 2-apuiMEyanuoHoB-1,3, MbI BKJOUMIM B Hall 
yr HCCeLOBaHHH UM 2-n-HuTpomenuMHLanANOH-1,3 (H®M) (1). On untepecen 
M, 4TO, B OTMMYHeE OT CecuBeTHOrO 2-cbeHHIHMHAaHAMOHA-1,3, MpexcTaBaneT 
Ooi TeMHO-KpacHoe BellecTBO. 2-Xn0p- uv 2-6pom-H®V Gecuperunr; SecuBeTeH 
KxKe OnC-N-HUTpodenv IMA AaHAHOH-1 3, a 2-amunonpousBognb1e HOM —»xeurThIe 
[HM OPaHKeBble BELECTBA, MOJOOHO AMMHOMPOH3BORHHIM 2-cbeHuJI- U 2-aHu3uI- 
Manquoua-1,3 (+*). 

Murepecuo BbIACHHTb, YeM BbISBaHa OKpacka HOM. OdObacuutb 3T0 aBsenue 
JIbKO TCM SMIIMPHYeCKHM (haKTOM, UTO BBeeHHe HHTPOrpynnb! yrsyOuser 
packy MHOrHX COeIHHEHHH, OplvIO Obl OLIHOOUHO, HOO H3BeCTHO, YTO axe 
4-IMHUTPOeHUJIMHLaHAHOH-1,3 COBepwieHHO sIMIueH OKpacKu (°). B suTe- 
Type oTmMeyeHo (°,7), uTO (eHHJIHHaHIMOHbI, MMEIOUIMe ZJeKTPOPUJIbHbIM 
MecTuTeib (Cl, Br, J) B n-Mono*KeHHM eHHIbHOTO pasuKasa, NOKa3bIBalOT 
JIeHve MouwuxXpomMuH. B 3aBHCMMOCTH OT XapakTepa PaCTBOPHTeIA, H3 KOTO- 
TO STH COeHHEHHA TomyualoTcA, OHM OONaaloT pa3ssIMYHOM OKpaCKkOH: U3 
JIAPHbIX PACTBOPHTeeH OHH KPHCTAJVJIM3YIOTCA B BUe KpaCHbIX BeLLeCTB, 
- HEMOJIAPHIX — GeCI[BETHDIX. OTH COCAHHEHUA MOKAa3bIBalOT H ABJIEHHe Tep- 
xpomuv. IIpu onpenenenuu TOUeK MiaBsleHHa KpacHble OpMbl. MepexoLAT 
6ecupeTubie. Mmerotca yKa3anua (7), ¥TO Kpacnaa dopma HOM craOupua 


got 
lle 
JU | 
ip 
peel 
cv) a 
£00 DY rape 
uc. 1. Y.- cb. cnextpEl normomenua B aoc. Puce. 2. Y.-c. cneKTpbl MOromeHusA: 
feTaHone: a— HOV, 6 — Na-coup HU; a— H®V zB gzuxnopataHe, 6 — meTuu0- 
6— Na-conb 2-penumunyaHaANona BL sup H®M B p~UuxXmOpsTaHe, 6—Me- 


TuOBbI apup H®Y B abc. MeTanose 


€ MeHACTCH MON BIMAHHEM TemMepaty pb HM pacrBopuTeia. M3meneHHe OKpacku 
JIMHA@HIMOHOB B MOMAPHEIX PACTBOPHTeEAX HEKOTOPHIe aBTOPbI CODACHAIOT 
€MCILCHHEM K€TO-9HOJIbHOrO TayTOMepHOrO paBHOBecHA B CTOPpOHY OOpaso- 
WA 3HObHOM dopmpr (II) (’). Ilo-Buqumomy, NoppillenHad TemMlepatTypa 
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H MaJlOMOMApHbIe paCTBOpUTeIM OarOMpHATCTBYIOT MPOTHBOMOOKHOMY ye 
treccy — O6pa30Banulo ZuKeTopopmpt (I). Ho nemb3sa He yyecTb eo a 
cyujectBoBpaHua HOM u B BaseHTHbIX CTpykTypax (III) u (IV). Ha peuien : 
3Toro BOMpoca MBI NoyBeprau HM u neKoTopple JocTyMHbIe HaM EPO TpOHSBOA™ 
HbI€ CIeCKTPOCKONMYeCKOMY HCCIeEOBaHHIO B Yu bTpapuoueTOBOH H unpa- 
Kpacuolt o6actax. MccneqoBaH TakxKe MeTHJIOBbIH aup ero SHOJIbHOM POpMbI, 
NoyUeHHbI WelicTBHeM S*upHoro pacTBopa AMasomeTaHa Ha H®YV  (opanxKe- 
poe BeulectBo, T. Mu. 190—192°. Hatigeno %: N 5,24. CygHyO,N. Brrancae- 
Ho %: N 4,98). 

Y.-. clekTppt norvioujenus H®H u ero Na-comn B pacrBope a6c. MeTaHOva 
XapaKTepH3yIOTCA MCHTHYHBIMH KDPHBbIMH MOMVIOMeHHA (puc. 1). BugHo, 
31eKTpoHHad cTpykTypa H®M B pactBope ofMHaKoBa C 3JIeKTPOHHOH CTPYK™ 
Typo ero aHHoHa. CileqoBaTesbHO, H®MV B pacrsope a6c. MeTaHOa JHCCO- 
uuupoBan. CpaBHenue y.~p. cMeKTpoB CTpyKTypasbHO OM3KUX Na-coen 
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2-cbennMHAanguona-1,3 uw HPM noKaspipaetT, TO XapakTep MOrOULeHHA THX 
3HOJATAHHOHOB OTMIMUaeTCH. ITO BIOJIHE MOHATHO, HOO BbIPABHHBaHHe 3JICK- 
TPOHHOM MVJIOTHOCTH B 9HOJATAHMOHE 2-eHHAHHAAnANOHA-1,3 MpoTeKaeT raB- 
HbIM O6pa30M B CTOPOHY KapOOHHJIbHOH rpynnoer (V). 

B cayyae aHOaTaHMoHa (VI), Oaroqapa HaMYMIO CHCTeMbI COMP AKeHHBIX 
CBA3eH, BbIDAaBHHBaHHEe SJIEKTPOHHOM MJIOTHOCTH MpOTeKaeT HM B CTOPOHY HUTPO- 
rpyllbt. YJIMHeHHe CHCTeMbI COMPHAKeHHBIX CBA3CH BeYeT 3a COOOK MHTeH- 
CHBHOe Mormoujenue pH 440 mu (& = 22200). 

Y.-~p. cnextp HOM B AuxsopsTaHe JaeT KpHBy!O MOPOULeHHA, XapaKkTep- 
HY!0 JIA QuKeTOPOpMb! (puc. 2), H XapakTepH3yeTCA Avaxc pH 229 mu u & 
cootpercTBeHHO 43000. J[aHHbie W.-K. CIe€KTpa HaCbILeHHOrO pacTBopa HOY 
B JMXJOpsTaHe COrlacyloTcA C JaHHbIMH y.-:). CMeKTPOB MU XapakTepH3y1wrTes 
ABYMA YaCTOTaMM KapOOHMJIbHbIX rpymn mpH 1717 wu 1750 cm}. Y 2-6pom- 
2-aHHJIMHO- MM 2-lnuMepHyqMHompousBoqHHxX HOM, B Koroppix WuKeTopopm 
3apUKCHpOBana, MOrouleHHe KapOOHUJIbHBIX PpyMM HaOmOMaeTCA COOTBETCTBEH 
Ho mpH 1718 wu 1750 cm, 1707 uw 1747 cm=, 1705 uw 1742 cm7!. 

IIpu stom HeoOxoyumo ormeruTs, uTo 0,0001 M pactrgopp: HH zs guxsop 
aTaHe COBepieHHO OeciBeTHbI. Ecutm s3pecb Kpacuoro H®M B xaopodopm 
WH QUXJIOPSTaHe B 3aKPBITOM COcyfe OCTaBHTb IPH KOMHATHOH TemMepatype 
TO IPH MpOMOJMKHMTeIbHOM CTOAHHM MOCTeMeHHO HaOIO,aeTCA MpeBpamenu 
KpaCHOH (OpMbI B KpHCTaIMYeCKy!O OecuBeTHYIO (POpMy, KOTOPasd HeECOMHeHH 
ABMACTCA MukeTOpopMon. B Mpolecce BpleeHHA U3 pPacTBOpa Ona MIpespa 
wlaeTcA OOpaTHO B Kpacnyto opMy. OTHMM WaHHBIMM OMpoBepraetca uMeIOULHH 
CH B JIMTepaType B3riay O CyimlecTBoBanuu HOY TombKo B KpacHoH copme 
KOTOPad B3aHMHO HelIpeBpaTuma B Oeuyto (*). OvepuqHo, HPV nuyem ue ora 
WaeTCH OT J PyrHX 3aMeleHHbIX B N-MOOMKeCHHM SICKTPODUJIbHBIMH 3aMeCTH 
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SIAMH 2-ennJMHAaHAHOHOB-1,3, Kpacnasa copma 3yecb TOMbKO bowee ycToH- 
uBa. 

Y.-. CHeKTp MeTHIOBOrO ac*upa SHOIbHOM chopmer HV B aGc. meranoue 
yULECTBEHHO OTMMYAeTCA OT CHeKTpa camoro H®M. B pactsope azuxnopstana 
IA JHOMbHOTO Supa HaOMOMAeTCA Ayaxc = 245 mp (& = 29000). JIna anonb- 
oro atupa B M€TaHOJIbHOM pacTBOpe HaGmOMaeTCA HeOOMbIOe Mepemenlenue 
“MOJIOCbI B CTOPOHY Oovlee HU3KUX BOVIH (Ayaxc = 242 mu; & = 24000). V-k. 
M€KTp MeTHJIOBOre supa 9HOJbHOH copmet B 0,01 M pactBope zuxuopstana 
OMTBEPAaeT MpaBUJIbHOCTb e€FO SHOJIbHO-3uPHOTO CTpoeHHa, HOO Hab.uIO- 
aioTCA Normoulenua CO-rpynnpr mpu 1700 em, nBokHo cBa3u B 5-uneHHoM 
ukse mpH 1622 cmt nu vo, (acuM.) pu 1522 cm7!. TlopsnmenHpre sHayenus 
5=0 MOTYT ObITh OODACHEHDI BJIMAHHEM HalipsA%KeHUA 5-yeHHOrO WuKa, OOBIU- 
O HeECKOJIbKO MOBbIllawuero KoNeOanua CO-rpynnpr (°). 

V.-K. CleKTp NOPIOMeHHA JIA B3BeLWICHHOTO B MapacbHHOBOM Macsie Kpac- 
oro H®H, nepexpuctamu30BaHHOrO H3 JIE,AHOM yKCyCHOH KHCJOTHI, OTPH- 
aeT ero CyleCTBOBaHHe B Bue WuKeTOpopmpr (1), H6o He HaGmOMaeTcA Moro- 
jenna CO-rpymn. Ecam o6pasem mepeKpuctaiIM30BaTb U3 BOJbI, TO HapALy 
APyrumu KoseOaHuAMU MosBIAIOTCA yacToTH! CO-rpynn mpu 1700 u 1735 cm-! 
peqHeli HHTeEHCHBHOCTH. CunTaeM, 4YTO YaCTHUHOe MpeBpallleHHe B WUKETOMOpMy 
POHCXOANT NO BIMAHHEM PaCTBOPHTeA, Tak Kak 06a OOpa3zia IPH BbICyIUIH- 
aHHH HaXOMWJIHCb B OJMHAKOBLIX ycOBHAX (~140°, 2 aaca). W.-K. cmexrTpo- 
KONMYeCKHe JaHHble Tak2xKe He JalOT HAM OCHOBaHHA CUNTAaTb, YTO KpacHas 
opmMa TBepnzoro HOH sasasetca sHosom (II). YcraHoBuTb NormouleHHe 3HOJIb- 
oro rHy{pokcusia HaM He yyaocb. B cmeKTpe Maso OOulero co cieKTpoMm ero 
HOWbHOTO adpupa. TlomyyeHHble JaHHble 3aCTaBJIAIOT HAC OTPHMLaTb U CTPYKTYPy 
MKe€TOHUTPOHOBOH KuCcIOTHI (IV), HOO He HaOsOMaeTCH XapakTepHOrO JIA 
P-HelIpemebHOK WHKeTOrpyNNHpOBKH Norsomenua. CmekTp kKpacHoro HOM 
poaBsaeT Oombuloe cxoycTBO co cmekTpom ero Na-comH. OOulad KapTHHa 
MeKTpa B OONAaCTH JBOHHBIX CBA3eCH IPH 9TOM TaK YCJIOKHMACh, YTO OMHO3HAY- 
O TPYHO TOBOPHTb O XapaKTePHbIX YACTOTAX OTACJIbHbIX rpymn. Ouenb HHTEH- 
MBHbI WMpOKMi MakcumyM Norsomenua upw 1514—1529 cm™!, KoToppiit xa- 
AKTepeH JIA SHOMATAHMOHA 2-eHHJIMHAaHAMOHA, B CleKTpe He HaOmIOMaeTcs, 
oTa B palone 1510 cm™+ norsomeHue OTMeyeHO. BelllecTBO HHTCHCHBHO NOrso- 
aeT B OGmactu 1340—1350 cm-! u 1560—1570 cm7?. 

V.-K. cekTpockonuyeckue JaHHble TakKMM OOpasom MOKaspiBaioT, uTO HOM 
TBeEPJOM BHC, BEPOATHO, CYUeCTByeT B BH€ HOHH3HPOBaHHOW (OpMbI C BbI- 
ABHEHHOH 3IeEKTPOHHOHM CTpyKTypou. B Takux CHCTeMaX, KaK 9TO OTMe¥eHO 
-smuTepatype (8) pu u3y4eHHM TayTOMepHu alleTHJAaleTOHAa, TPyAHO TOBOPHTh 
— XapaKkTepHBIX TpyMMOBBIX wacTOTAaX. 


C is) e 
ee ues 
je ee 


VIL (3'>4 1 238 + 28'=2) 


I[peqmojaraem, 4TO MpoTOH B Halllem Culyyae B KpHCTaMMYeCKOM pellerKe 
[DV ynepxuBaercaA B 3€KTPOHHOM MOwle KapOOHHJIbHIX TpyMl AByx cocey- 
uX Moulekya (VII), 1pHuemM B OCHOBHOM BbIPaBHUBaHHe 3JIeEKTPOHHOH MIOTHOCTH 
poTeKaeT B CTOPOHY KapOoHHJIbHBIX rpynm. Anaorm4yno B Cy yae AMXHHOMMLI- 
2)-meTaHa WpeqmosaratoT, uTO MOABHXKHbIM MpOTOH KpeNkKO yyepxKuBaeTca 
NO CBOOOJHbIX QJICKTPOHHBIX ap OOOHX aTOMOB a30Ta OLHOM MoeKyvibI (1°), 


slabs 


Takum o6pasom, uccueqopanun HOM noxaspiBaioT, YTO OH IIpeACTaBJAeT 
co6oli BeCbMa MOJBHXKHYIO CHCTeMy, KOTOPad B NOJIAPHbIX PaCTBOPHTeMAX U, 
BepOATHO, TaKxKe B TBEPAOM Bue CyUecTByeT B BHC AaHHOHA C BbIPAaBHEHHO 
QJICKTPOHHOM CTPyKTypoli um clocoOHa B3aMMHO MpeBpalaTEea. B masonomap- 
HbIX PACTBOPHTeAX OH CylecTByeT B Bue OeclBeTHOH AUKeTO*OPMHI. Anno 
HOU o6nanaer ABOliCTBeHHOM peaKI[MOHHOM CMOCOOHOCTHIO: TaK C WMas0meTa 
HOM OH J[aeT METHJIOBbIii SUP SHOMbHOH CPOpMbI, a C OPOMOM U XJIOPOM 2-xOp 
uw 2-OpoMMpousBOLHBIe. 

CuntTaem, uTO w pyrve, MO cux Mop usBecTHbIe 2-apusuHZanzuonpr- 1,3 
C SJICKTPOHJIbHBIMA 3aMeCTHTEAMH B N-MOMOKeHHH CPCHHJIbHOrO payuKal 
B Kpacuoli dopMe O6,layaior CBolicTBaMH HM CTpyKTypHbIMH OCcOOeHHOCTaMH H®H. 

Y.-. cnekTpp! cHumanu A. Dpunpanpge u M. TuiTHHbuI, 3a YTO BbIPAaKaem 
MM OJlarojapHOCTb. 


PwxKcKHH NOMTeXHHYeCKHH MHCTHTYT Tlocrymusio 
30 I 1960 
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Hornanp Akagemun nayr CCCP 
1960. Tom 132, Ne 4 


XHMHA 
). H. KAYMHCKAA, C. X. TOPOEBA, A. Ml. MEIMEPAKOB u C. M. CKYPATOB 
EMJIOTbI CrOPAHHWS -1,1-TMUMETUHJI-2-AJIK UJI UK JIONPONAHOB 
(I1pedcmaeaeno axademuxom A. H. Hecmeanocoim 22 XII 1959) 


Hasmune TOUHbIX SKCIePHMCHTAJIbHBIX JAHHbIX TO TelwoTaM cropaHHa He= 
OPbIX AJIKMJIMMKIOreKkCaHOB H AJIKHJIILMKJION€HTaHOB MO3BONMIO C jocTa- 
‘HO BbICOKOH TOYHOCTbIO PaCCYHTATb TeMJOTHI cCropanua u OOpa3s0BaHuA 
AJIbHbIX WICHOB COOTBETCTBYIOWMX FTOMOJIOrHYeCKHX PHAOB, comepxKamux 
< HOPMAJIBHBIe, Tak H pasBeTBueHHBIe CoKoBbe nemn (2,2). Jia muksonmpomna- 
BIX YIJIeBOLOPOAOB TaKHX pacueTOB JO NoOcTeqHerO BPeMeHH HeIb3A ObIVIO 
H3BeECTH, TaK KaK TOUHbIC SKCIEPHMEHTAJIDHbIC WaHHble MO TeMOTaM cropae 
UX IpaKTHyecKH OTCyTCTBOBamH. HanexHoe 3HayeHHe MMeeTCA JIMULIb 
TellmoTe cCropaHua raso0o6pasnoro wuKWoNpomana (°). OcTambupie JaHHble 
IAIOTCA MaJIO HagexKubiMu (47°), Mexay Tem, TepMOXHMHYeCKHe JaHHbIe 110 
JOMPOMaHOBLIM YIJIeBOROpOaM UMeIOT OOVIbWIOM TeopeTHYeCKHl MH MpaKkTu- 
KHMM MHTepec. 
B HacTonme padoTe CooOmlaiorca pesyJIbTaTbl ONpeqeeHHA TeMMOT cropa- 
tpex 1,l-qumetus-2-aKuUMKIONponaHOB B XUAKOH dbase uw jalorcs 
OMYJIbI WIA pacueTa TelJOT cCropaHHA BCeX COeqMHeEHHH 3TOrO romouoruye- 
oro pana. IIpumenenHand MeTOAUKa ONpeyeseHHA TeNIOT CropaHua No_pobHO 
4caHa pauee (7). [Jpumenasca KaslopuMeTp C M30TepMHYeCKOH OG6oO0UKON. 
AAHHBIe B TOHKOCTEHHbIC CTEKJIAHHBIC AMIYJIbI 2KUJ[KME BeULECTBA CKHTAaJIMCb 
aslOpHMeTpHuecKkol OomO6e, B H3ObITKe KHCOPOZa NpH HayaIbHOH TemMepa- 
e onbiTa 25°. Jlna H3MepeHHA TeMMepaTypbi MCMOMb3OBaICA PTYTHBIH TepMo- 
[p; OTCueTHI TemMMepaTypbl NpousBOHINCb Cc TouHOCTHIO 3-107*°. Tenno- 
3HaYeHHe KaJIOPHMeTpa OMpefesaANOcb MO OeH30HHOH KuCuIOTe, TelNoTa 
)panua KOTOPOH MWpunATa paBHOl 6322,8 Kan/r (Bec B BOsqyxe) Mp 25° 
Kal = 4,1840 a6c. mx.). J] 3aKUraHHA BeULeCTBAa HCIOJIb3OBaIaCb *Kee3- 
mpoposouka. TenoTp! o6pasopanua Fe,O, MH pacTBopa a30THOH KUCJIOTHI 
SomG6e MpunaTer pasuyima 1793 Kan/r u 13,80 KKam/Momb coorBeTcTBeHHO. 
IBeCKa BelLeCTBA, KaK IIpaBusO, OMpeseisacb MO pa3sHOCTH Beca NycTok u 
OJIHCHHOM aMMysbl C TOUHOCTHIO JO 2 ‘10-5 r uw coctapaana oT 0,2 no 0,3 r. 
icnyyae Hu3KoKuMsamero 1, 1-qumeTusJ-2-STHINMKONpoNana Bec cropeBllero 
MecTBa HAXOMMJICA MO pe3ybTaTaM aHasIM3a MpOyKTOB cropanua Ha CO). 
MICCTBA CHHTC3HPOBaJIHCbh HM OUMULAIHCb MO panee ONMCaHHOmMy cmocoby (°). 
CKTPbl KOMOMHAIMOHHOTO paccesHHUA MOKasaIM OTCYTCTBHe B MpemapaTax 
MMeCeH aJIKEHOB. 
'1,1-Lumerua-2-2:tTunuuKnouponan, CHy (Mout. Bec 98,189). 
pellapaT OUMulaICA TpexKpaTHOH M UeTbIPeXKpaTHOH eperoHKou Hay 
ragiMueckuM HatpveM. Ilocne mocieqHeH MeperoHKH KOHCTaHTbI BeNecTBa 
rajCb HeH3MeHHBIMU: T. Kum. 78,75°/746; d3° 0,7105; n‘p 1,3960; pesyn- 
rbl MukpoaHamusa (B %): C 85,95; H 14,12. (Teoperwuecku Aaa Bcex 
Px coemuHennii: C 85,63; H 14,37.) 
1,1-T]umetus-2-nponuauuKnonporad, CgHy, (mom. Bec 112,216). 
bellapaT Mocse MATHKPaTHOH M IWeCTHKpaTHOW MeperouKU wan sea UG 
TpHeM WMeJ CJIeyIOULMe KOHCTAHTEI: T. KUM. 105,5°; di? 0,7297; nS 1,4060. 
pesyJIbTaTe MUKpOaHaJIN3a HaleHo (BTeg)Cesb;96;. Hara ie 
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1,1-Tumeruu-2-A-rekcHaAwuKAONponadH, C1,He» (Mou. Bec 154,297), | 
Tloce uetBeptToi u MsAtToi meperoHKH KOHCTAHTHI BellecTBa Obl Cue YyIOULUMU: 
1,4240. B pe3yibTaTe MHKPpOaHaJIH3é 


tT. Kun. 176,5°/736, d® 0,7612; n’p 


Ta6nuna 1 


Tenviorbl cropanusa 1,1-nqumMetun-2-A-ankKMI- 
uuksonponanos, — AH, npn 25° u 1 ar. 


B KKaJI/MOJIb 


BeleCTB TenOTa cropaHus, Wocsie MO- 
jiamere | ttmmens | jtunerit  eqenueli neperouka, B Mpemenax 10% 
mponau sonponal sen Oga HOCTH OllpeqesieHuit He H3MeHHIacb. 
Vicnoip3yi aiuTHBHbIit MeToy 
Tpexkpatuas | Ilarnxpat- Uernipex- mpefctaBleHua O TuMaxX H TOATHTSS 
neperouka Had NeperoHKa| KpaTHasa Te- CBA3e€H, Pa3BUTbIe B. M. TatTeBcKH Ml 
perouka Cry o6ulyio (bopMywy pacueta TerJIOF 
wane tans Mine cropanua 1, |-quMeTHJI-2-aIKM LAK 10> 
1115.0 1272.6 1739,4 TIpoNaHOB MOKHO NpekCTaBMTb B CIE 
1114,6 1270,8 1740,0 WYIOuUleM BUIe: 
Tae, 1270,4 S 
Uerpipex- Ulecruxpat- | Ilatuxpatuas caaet Ac, Hon Spy > nijAij, (1) 
KpaTHaH Ne- Haw Neperou- nmeperoHKa 
perouka Ka 
AMET estat Ale IVPPB SSH Th q 
1115,0 1271 ,41 1741,4 rye c’— WHKpeMeHT TeIJIOTbI CropaHHa, 
1114,9 WATE aL 1739,7 Ul 7 ; “i 2B 
PHXOMAMHHCA Ha CYMMY CBHA3eH 
1739,9 C 
1115,0+ 0,2 | 1271,2+0,4 |1739,9+0,4 yee C | 
(40,02%) | (40,03%) | (40,03%)  rpyume 7 —C,DiniAy — om 
a c 


nafimeno (B %): C 85,74; H 14,32. 

B tra6a. | mpHBo_ATcA WaHHble HO 
ompeyeeHHio TemOT cropaHHAaA Tpe 
TIepe4UMCIeEHHbIX COCAMHEHUM Nocde ABYX 
Tlocuieqwuux meperoHok. M3 npyBexen 
HbIX J@HHbIX BHHO, UTO WIA BCeX TPexX 


* B raOn. 1 npuBogatcs peBaTb onbI- 
TOB H3 Je€BATHAWMaTH, TaK KaK B OCTaJb- 
HBIX Oblla OOHAPy*KeHa HeMOHOTA cropaHusl. 

** Bo BceX JlaHHbIX, IIPHBe/leHHbIX B 
9TOH paOoTe, NorpeliHocTh yKa3aHa kak 
cpeyHee OTKJIOHEHHe OT CpeqHero apuipMe- 
THUECKOrO. 


HOCHTCA K CBA3AMB 3aMelLalOWeM aJt- 
KHJIBHOM pafHKaJle, HOPMaJIbHOM HJ 
pasperpuieHHoM. Jina 1,1-qumetus-2: 
H-aJIKHJIMKJIOMpONaHOB = (avIKH JI — JO: 
OoH pawukad, HauuHaA C 93THJa, T. e. 


pH n=>7) ypapnenve (1) npuHuMael 
BUI: 


DT cy tine aie et Se ae Ty! Iya fe Iya 
-(We=*7) Ase + An, 


rye J;; — koopuUveHTbl, OTHOCHUIHeECA K CBA3AM B 
3AM IMKJI— OokoBas Wellb (B CYMMe cocTaBJArouLHe 
OTHOCATCA K CBA3AM B 3€MELILaIONIeCM H-aJIKHJI€ WH BKJIOUaIOTCA B CYMM} 
njAij. aa pacueta I;; M Y;; IKCHEPHMCHTAJIbHBIX JaHHbIX NOKa HegocTa 
TOUHO, HO Ay. HM Cc’ MOryT ObITb paccuHTaHbl NO JaHHbIM, MOJIYYeHHbIM I 
HacTosimeH padore. SHayeHue Ay,, HaliqeHHoe HaMH M3 TenmoT cropaHus 
1, 1-qumerua-2-97Tnu- u 1, 1-quMerTnu-2-n-rekcuaunk monponana, Ao, =1/,(1739,9— 
—1115,0)=156,2, Kkan/Monb, coBnanaeT c JIMTepaTypHbiIM 3Ha4eHHeN 
156,231 KKad/MoJlb, HaHeHAbIM JIA aNKaHOB, AJIKHJIMKIONeHTaHOB 1 
alkKWAKoreKcaHoB ('). Takoe %e copmayeHve Kospidunuenta As. IMs 
COeMHeEHHH STOTO pAfla NosyyeHoO pu pacueTe NO TOH xe Cxeme HM [pyr 
(PH3MKO-XMMHYECKHX CBOHCTB, TakMX Kak TensoTa o6pa30Banua (— AH?) 
MOJIeKyJIApHad peppakunaA (Ry) WM MOnApHDI O6bem (Vy). B tTa61. 2 Tanke 
IIPHMepbl TaKoroO cOBlaeHHA. 

Ilo janHbim tensoT cropaHua 1,1-qumerun-2-sTu0- wu 1,1-qumMerua-2 
PeKCHJMMKIONpoNaHa HW HalfeHHOMy 3HaueHHIO §6Ay. Obl paccuHTaHt 
TenoTb! cropanusa 1,1-qumMetni-2-nponua-, 1,1-qumeTun-2-4-6ytTun- u 1,1-mu 
420 


2Y ia + Yor + 


(2 


4 


WuKIe, H Y;; —K CBA 
c’). OcTabHbIe WIeHb 


MeTHJI-2-H-aMMILAK ON potiana. Tensorsl cropaHis TMepeuvcJleHHbIX CoeqMHeHUit 
— AH?) ux TennoTH O6pasoBpanua (— AH?) npupogates B ta6n. 3. [nw 
pacueta — AH; MCHO/Ib3OBaHbI 3HayeHuA — AH} co, (r) = 94,052 KKau/Momb 
1 — AH? u,0 (2K) = 68,317 KKaJI/MOJIb. 

_ Kak BuaHO U3 MpHBeeHHEIX faHHbIX, paccuHTaHHoe M 9KCepHMeHTasb- 


HOC SHAYCHUA JIA TenOTb! cropanua 1, 1-yumeTun-2-nponusuAKsoNponana 


KasaJIMCb COBMAaTarwOuluMyH. 


Taonrm ina 2 


S —AH? | —AH® Ry Vir 
S l 
8 3KCH | JIHT | SKCN. | JIMT. SKCI. | JIHT. SKCH, | JIHT. 
| 
| Ago AOL OO manos ot 6,13 | 6,138 4,64 4,643 NGree 15,96. 
(6s 851,74 — 6,96 : Lo, t — 96 , 86 -- 


Taodauna 3: 


TenamoTbl cropaHua HM TenoTbI OOpasoBaHna 1,1-uMeTH-2-A-aNKHJMKIONponakoB pH 
25°C u 1 at. B KkKas/Momb 


Coemunennue =a Ho se —AH? pacu |—A He 
1 1,1-Humerua-2-9THIuHKIONponaH C7Hy4 AMO — Pl (8) 
» 1,1-T[umetu-2-nponumauksonponan CgHy,¢ PP (AN Zl fe) 
3 1,1-Tumetua-2-6yTumuuKaonponan CoHyg — 1427,4 83,9 
4 1,1-umetua-2-amuanuksonponan CyoHeo — 1583 ,6 40,0 
in 1, 1-Tumetua-2-rekcnannKsmonpoman Cy Hee 1739 ,9 — 46, 2 


H3BecTHO, TO HaJIH4He B MOJIeKYJe UNKJONAapapuHoOB MaJiO HallpsAxKeHHOLO: 
IATHUJICHHOTO HW WICCTHYICHHOTO KOJIbILa MpaKTHYeCKH HE BJIMAeCT HA PaccMaT- 
DHBaembIe CBOcTBa OoKoBok wenn (1). Jia ciygaa HaMpsxAKeHHbIX Tpex- 
Hi UCTHIPCXYWICHHBIX IHKJIOB 9TOT BOMpOC JO HaCTOAMerO BPeMeHH OCTABAaJCA 
HeEOCBEILCHHBIM. M3 mosyueHHbIX HAaMH Ja@HHbIX CylelyeT, YTO HaMUHe WHKJIO- 
IpOMaHOBOrO KOJIblla He CKA3bIBAaeTCH Ha XapakTepe CBA3eH B 3aMeLalolleM 
RIKHJIe, HAYHHAA yKe C STHIIA. OTOT BbIBOZ, MO-BHAMMOMY, MOXKHO pacmpo- 
‘TPaHHTb HW Ha aJIKWJIIMMKNOOYTaHOBble COeqHHeHHA. Takum OOpa3som, TeIJOTHI 
tropauHua coequHeHuh psaga 1,1-qumetun-2-n-aKuIUMKMONpOMaHOB (A-aJl- 


SNH es 1115 OH t7) 156928, (3) 


ime n >> 7 — yncno yrsepOHbIX ATOMOB B MOVIeKyJle. 
| AHaJOru4HbIM O6pa30M MO2%KHO PaCCYHTATb TeIMOTHI OOPas0BaHHA MO ypaB- 
eHyt0 (4): 


SAA) = 21,6 = (aren) 0518. (4) 


Vs tennot cropanua 1,1-numetua-2-sTu0-, 1,1-qumerua-2-x- NpOnHJ- 1 1,1- 
MMeTHJI-2-HN-PeKCHJIMHKJIONpOMaHOB UM JIHTepaTypHbIX 3HayeHHH AA re 
156,231 kKa/Momb) u Azi (263, 238 kKaJl/Monb) HaMH paccuHTaH BXOJALINK 
ypaspHenua (1) u (2) MHKPeMCHT c’. Tlocnequui OKa3aJiCd PaBHbIM C = 

851,74 kkan/Monb. 3Hayenua c’, paccunTanuble aia — AH;, Ru 4 Vy, pu 
JC1CHBI B TAO. 2, Tenepb OKA3aJIOCb BOSMOXKHBIM PaCCUHTATH TeMVJOTHI Cropa- 
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HHA He TOJbKO HOPMAJIbHBIX, HO HW pasBeTBJeHHEIX * 1, 1-q7uMeTHJI-2-aJIKMJIAK- 
sompomanos. YpaBueune (1) B 9TOM CJly¥ae IPHHHMAeT BHI: 


— AH; = 851,7 + >) myAy mpu nS 7. (5) 


Suauenna Kosdpunnentow A,;; wa cBase C — C pasAM4HBIX MOATHNOB 
B Pa3BeTBJCHHbIX aJIKaHaX MOTYT ObITb B3ATHI H3 JMTepaTYPHBIX LaHHBIX (7). 


Mockosckul rocyfapcTBeHHbIM YyHHBepCHTeT Ilocrynus10 
um. M. B. Jlomonocozpa 16 XII 1959 


WMTHPOBAHHAA JIMTEPATYPA 


1B. M. TaTtTeBcKkuHu, XwMuyeckoe cTpoeHve yruieBOZOPOOB H 3AKOHOMePHOCTH B UX 
cbu3uKO-xXuMuNYecKUXx cBolicTBax, M., 1953, crp. 159 u 226. * 3B. M. TarespcKxuk, JAH, 
113, Ne 4, 836 (1957). %J. W. Knowlton, F. D. Rossini, J. Res. Nat. Bur. Stan- 
dards, 48, No 2, 113 (1949). 4P. 7. O60n7eHNeB, Dusuyeckue KOHCTAHTHI yruieBOqOpo- 
OB, *KUAKUX TomIMB u Macen, M.— JI., 1958.5 V. A.Slabey, P. H. Wise, Natl. 
Advisory. Comm. Aeronaut. Techn. Note, Ne 2258, 17 (1951); Ne 2398, 22 (1951). ® V. A. 
Slabey, P: H. Wise, -k Ame chem. Soc, 74755533887 s(1952)h eS GaGa ya oraome 
Tos, A. A.Crpenuxees, O.H. Kauuuekaan u gp., Yu. 3am. Mocxosck. 
yuus., B. 164, 73 (1953). & A. WI. Memepaxos, JI. B. Iletposa, tO. Il. Ero 
pos, KOX, 28, B. 9, 2588 (1958). 


- Ilpu PasBeTBJICHHH B AaJIKHIbHOM PafuKasle, HAYMHAA CO BTOPOrO yrmepOAHOrO aTOMa. 
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Hoxruagn Anagemun nayxr CCCP 
1960. Tom 132, Ne 1 


XH MH ff 
anemuk M. JI. KHYHAHU, 9. F. BhIXOBCKAS, B. H. ®POCHH u A. M. KMCEJIb 
AMMOAEMCTBUHE ®TOPOJIE®HHOB C STOPHCTbIM HHTPO3HJIOM 


PTOpHCTHI HUTPOSHI BepBEe Opin NOyuen Pydbom B 1905 r. (4). OnHaKo 

CHX MOP H3y4eHHI JIMUIb ero @usnyeckue CBOlicTBa (”) H peakI[HH C HeEKOTO- 
IMM HeOPraHH4YeCKHMH BeleCTBaMH (Oop, KpeMHHH, KpacHBIi  ocdop, 
BFs, HeSO uw ap. (7,3)) u Oex3ou0m (*). 

Hamu nokasaHo, 4To (propuctbit HHTpOsHA JerKO pearmpyer c (propose- 


Ube 


iHaMH, TpHcoeqHHAACcCbh NO MecTy aBoiinolt SC = C. cBa3H *. Tax, mp 


Xs 


jauMojlelicTBAH (propucToro HATpPOsHIa C O-H300yTHJIEHOM C KOJIMUeCTBEHHBIM 


(XOJOM OOpasyeTca Tper.-g-HuTposoNs06yTaH (T. Kun. + 24°) 


le Ge 
PSOE, ENO se Cu. 
YA ve 
CF; CFy” | 
iN ==© 
¢-liponuvieHa HU FNO novyyen 2-HuTpo30-9-MponaH (T. Kun. —13°) 


CF3 — CF = CF, + FNO > CF3 — CF — CFs. 


| 
iN ==10) 


| ~-OTHeH TakxKe pearupyeT C MTOPHCTLIM HUTPO3HJIOM, HO BbIJeNHTb 
HUTpO302TaH He ylaslocb, TaK KaK NOCJeAHHH B yCJIOBHAX PeaKIHH B3an- 
)§elicTByeT C H3O0bITOUHDIM @-3THJICHOM, laBad nepdrop-2-9TH1-1,2-oKca- 
WTH.MH, KOTOPbIi MH ABJIACTCA OCHOBHbIM IIpOLYKTOM peaki\HH 

+-CF,=CF, 

—> CF3; — CF, —N—O. 


ae 
CF —CF» 


ge Cee ENO, = [CEs— CF2— NO} 


|) OOpasoBanHe OKCa3eTHANHOB HaOJOJamoch XacleJbAWHOM Tp B38aMMo- 
CTBHM TpudTOpHUTposoMeTaHa Cc TeTpadTopsTuJeHOM (°) MH Apyrumu (prop- 
fepuHaMn. 

|| Peaxiua Mexky (TOpHCTLIM HUTPOSHJIOM HM TPHPTOpITHMeHOM HeOXKU- 
|HHO IpHBela K MOJIyYeHHIO g-HHTpos09TaHa, CHHero raga C T. KAI. 
|}42—43°), Ero o6paso0paHve MOXHO OObACHHTS CeEAYIOWNMM PAOM peBpa- 


o 


Hun: 


ig 
TGR se 4 ms Agnes pach TICRs 2 Ce es 
CF, = CFH ++ FNO = [CF;— CFH —N = O] CFs Some Ae 
HF re) 
_ >[CF3 — CF NH — OH] — CF; — CF, —-N=O. 


one 


Eme Govulee cI0%KHO pearHpyloT (TOPHCTHIH HUTPOSh U (TopucTbit BH- 
EuuHCTBeHHBIM HpOAyKTOM 9TOH peakIHH ABMJIOCh Coe MHeHNe 
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ct. Kun. 80° u Opyrro-copmysoH (C,F3;H,ON),. Uccnenopanne CBOHCT 
OTVYEHHOFO COC AMHEHUA TIO3BOJIMJIO IIPHNMCaTh eMy cJlefyloulee CTPOeHHe- 


CF, —CH,=N— 
| 
CF3 — CH—N — OH. 
BepoatTHo, OHO OOpasyeTcaA B pesyJbTAaTe Cie MyIOUINX lipeBpalieHult: 
CF, = CH; +2 FNO > [CFs-—CH, == N=), 


Le eat 
CF; — CH—N — OH. 


OcHOBHadH peakIlua MexKLy PTOPHCTbIM HUTPO3HJIOM H proponedunamu 
cocTosilad B MpucoequHenun FNO k droposmeduHam MO MecTy ABOHMHOU CBA3H, 
yacTO CONpOBOwKAaeTcH NOOOUHLIMH PeaKUMAMH OKHCJeHHA, PTOPHpOBaHHA 
HUTPOBaHHA HCXOAHBIX (TOPOMepUHOB TOPHCTbIM HHTPO3HJIOM H OKHCJAaM 
a30Ta; MocueqHHe OOpasyloTca B pesybTaTe pa3snoKenua FNO. Tak, B peak 
UHH M@KLY PTOPUCTHIM HHTPOSHJIOM M TeTpad@TopsTHeHOM HaGMOAaNocb OOpa 
30BaHHe TekcacTopataHa HM HUTpORMdpTOpyKcyCHOH KHCJIOTHI: 


. 


2F 
CF, — CF2 —» CF; — CF3; 


(NO2)2 H,0 
= ae CF. | ——- CF, — COOH. 


| | | 
NO, ONO NOs 


Clay aaa 


B pe3yJibTaTe B3auMOfelictBuA (bTOopucTroro HUTpoO3sHia Cc TpHPTOPSTHJIeHOM 
KpOMe 9-HHTpo309TaHa ObIH BbIJeeHb! TpH@TopalleTaiblerny, TpupTropyk- 
cycHad KHCOTa HW nexTadtTopsTaH: 


O oO 
CF, = CFH = [ CF, — CFH] > CF3 — CHO > CF3;COOH; 
O 
Day 
CF, = CFH ——-—> CF; — CF2H. 


B peakuuH Mexy (PTOpHCTLIM HUTPO3HOM HM g-NponuseHOM Hapamy 
C ~-HHTpO3OlponaHOM MOJlydeH HATPUT rekcadTopmponanoua-2, KOTOpHIH rMa 
pOM30M OblJI NepepeweH B reKkcacpTropalleToH: 


ONO -+-9H.0 . 


F" 5 : 
CF,—CF =CF;=s'CFy— CFS CR OF, ee ee | 


| 
ONO 
> CF3 — CO — CF3-H20 + HNO, + HF. 


PeakiHOHHad CHOCOOHOCTS ropome@uHoB No oTHOWIeHHIO K FNO pa3anu- 
Ha. B TO BpeMA KaK HCCeMOBaHHbIe HAMM ruApodroponedunnr CF2 = CFH 
u CF2 = CHe pearupyior c @TOpHCTHIM HATPOSHJIOM CO BSPbIBOM H JIA ycnell- 
HOH peaKUHH HeEOOXOAMMO pasOaBJIeHHe peareHTOB HHCPTHHIM PacTBOpHTeveM, 
nep@roposepunbl pearupyloT C TOPUCTHIM HHTPOSHJIOM B OONee MKeCTKUX 
ycloBuax. Tak, p-H306yTuJleH B3auMogelicrByet c FNO npu KoMHaTHOM Temme- 
patype 6e3 pacTBoputedia. C TerpadropaTHs1eHoM HM @-TpomuseHoM @ropucrbrit 
HHUTPOSHJI pearupyeT yKe TOMbKO MpH HarpeBaHHU HM B MpucyTCTBuH KaTaJH- 
gaTopa (akTHBUpOBaHHBIi yromb). B orcytTcrBue KaTamMsaTopa oOpasyr1oTca 
TOJbKO MpOLYKTbl HUTPOBaHHA (4 TOpHpoBaHHA) P-OeuHOB. 


QOKCMTeCPHMeCHTAALBHAR YactTs 


@liso6Oytuaenu xu FNO. B cranbuyw repmetuuecky 3aKPbIBalo- 
WlyiocAd MpoOupky 3arpyxKasocb 35 ma mep@TopHso6yTusena, 10 MI HUTpO- 
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aiptopuza uv | r MpoKanenuoro gropucroro Kanua. IpoOupka BcTpaXxuBa- 
Cb Ha «<TpACYUKe» IPH KOMHaTHOKH TemMlepatype 24 yaca. Iloce BcKppiTua 
OOMPKH OTTOHAJMCh HeMpopearupoBaBlMe HCXOqHbIe. B ocraTKe — TeM- 
-CHHAA XKUAKOCTH C T. Ku. 24°/760 mM, dad} 1,6630. Hafigenuerli mou. [Bec 
9, BbIUHCIeH AIA CaF,NO 249. 


Hatigzeno %: C 19,40; N 5,28: F 69,24 
BpryneeHo %: C 19,28; N 5,62; F 68,67 
@Iipomuaeun u FNO. A. B cranbuyt mpo6upky s3arpyxKaocb 2 r 
THBHPOBaHHOrO YIJIA, HMIMIpPerHHPOBaHHOrO CePpHOKHCJIbIM KaJIblweM, 20 MJ 
eppropnponnsena u 10 ma HuTposuadropuga. [IpoOupKa narpepasacb pu 
0—150° B reyenne 7 4ac: IIpu pasronKe peaKkUMOHHOL Maccpr Novy YeHbI Cie- 
OULHe COeNMHEHHA: 

1) [lepbropuutposonponan — cunuit ra3cr. kum. —13°. Hatizennpiit mow. 
c 197, BbruncneHHbIi Wa C3F,NO 199. 


Halttneno %: N 6,66; F 67,06 
BrraucneHo %: N 7,03; F 66,83 


2) Hurpur nepdropnponanosa-2— xKentTad *KuAKOcTd CT. Kun.-+-25°/749 MM. 
PH BbIJIMBaHHH B BOY pa3uiaraeTca C BbIfJeNeHHeM OKHCOB az0Ta. Boya 
CTparupoBaslacb 3PMpoM; Mocse OTOHKH 2:upa B OCTaTKe ruApaT nep- 


peopaueTona. BecupetHad wugKocth c tT. Kun. 50°/90 mm; d;” 1,3950; 
Q 1,3252. JIureparypupie fanupie (7): 7. Kun. 57°/93 mM; dj,’ 1,4085; 


1 1,3288. TlonyyeuHoe coequHenve jaeT cemuKap6a30H c T. nt. 153°. JIn- 


paTypHble fanupie (“): T. na. 153°. 


Haligeno %: C 19,48; H 2,20; N 16,84 
CyHsFeN302. Baruncneno %: C 19,91; H 2,04; N 17,12 


|B. B cranbuyio npo6upky sarpyxasocb 25 ma nepdropnponuaena u 10 Ma 
uTposundropuya. IIpo6upKa warpeBanacb 7 yac. mpH 100—110°. Tlocae 
(TTOHKH HempopearupOBaBllHX MCXOJHbIX peaKIHOHHaA Macca BbIIMBaJIacb 
JI@AHYIO BOLY, MpH STOM YaCTb MpOAyKTa pa3zsarasacb Cc BbIMeJIeHHeM 
HKUCJIOB a30Ta, MH OCTaBallaCbh TAKeNad CHHAA %2®uKOCTb. BoAHEI pacTBop 
KCTparupoBaJica adupom. Ilocae oTroHKu 2acdpupa nodyyeHa a-HUTporep- 
)TOPponmMoHoBaA KucmoTa. BecuBerHad 2%uyKOcTb, T. kun. 56°/35 MM, 
bo 1,4866; n541,3578. JIurepatypHpie panupie (*): 7. Kun. 119°; dz? 1,638; 
‘p 1,3560. Mou. Bec, HalieHHbI THTpoBanveM Weoub10, 194; BHIYHCJIeHHbIH 
aa C3HF,NO, 191. Cuuaa %uaKocTb — HAUTPOHNTpOsoponaH; T. KMN. 


I3 —54°; di 1,6507. Mon. sec: waligenupit 227, BpuvcneHHbEi Ana 
la gN2O03 226. 


Hatiyeno %: C 16,02; N 12,00; F 50,50 
Bpryucneno %: C 15,92; N 12,39; F 50,44 


| o-OTuaseu u FNO. B ctambuyto mpoOupKy 3arpyxasocb 2 r aKkTHBH- 
\OBaHHOTO YrJIX, HMMperHHpOBaHHOrO CepHOKHCJIbIM KaJibuveM, 20 Mu TeT- 
jacpTopstusiena uv 10 ma HuTposupropugza. IIpoOupKa uarpeBasacb B Teue- 
ive 10 vac. npn 70—80°. [Iloce oxaxyeHui MM BCKpbITHA TpoOupKu 
ITTOHANHCb raz00Opa3Hble MNPOYKTbI peakUHH, a OCTATOK BbIJIMBAaJICA B JeqA- 
lO BOY; BbIMaBIee MACJIO OTeNANOCb, CYWIHIOCb CepHOKHCJIbIM HaTpHeM 
| meperoussiocb. Tlepdprop-2-srua-1,2-oxcaseTuqun — OecUBeTHadA KUAKOCTD, 
| Kan. 24°/737 MM; d? 1,634; n> < 1,3. Haligennpiii Mon. Bec (MeTowOM 
>. Matiepa) 252, spruucmeHHpiit yaa CyFyNO 249. 
Hatineno %: C 19,65; N 5,75; F 68,35 
Bpruucneno %: C 19,28; N 6,62; F 68,67 


Tlpompipsyio BOxY MposkcrparMpoBaM sipHpoM; Mocse OTTOHKH 9aupa 
lomy4ueHa  HUTpomudTopykcycHadt  KucOTa — OeCUBeTHAA XKUKOCTb C 


ste, 


On 


T. Kun. 70°/25 mm; d?° 1,4358; n> 1,3660. JIureparypHpie janupie (*): 
tT. kum. 72°/25 mM; dy? 1,4381; nf 1,3670. B rasooOpasHpix mpoflykTax peak- 
IHW Halimen rekcatbropsTaH —Tra3 c T. Kun. — 79°, T. 3aMeps. a LOU JInte- 
patypHpie wanupie (%): T. Kum. —79°. 7. 3ameps. — 100,6°; E Hali EHO 
81,72%, F pprucieno 82,61 %; Mow. Bec HaliqeHHbllt 137, BbIuHMCeHHbIN 138. 

Tpudtopstuaen xu FNO. B cranmbuyio NpoOupKy BHOCHJIOCh 
10 ma Tpudropstusena, 5 Mil HUTposHA@Topugza u 20 Ma ¢-uKIObyTaHa. IIpo- 
OupKa OcTaBIAaCb Ha [BOe CYTOK pH KOMHAaTHOM Temlepatype. [locne BcKpbi— 
TUM MpOOUPKH Tagso0OpasHble MPOLYKTbI KOHMCHCHPOBAINCh UM PpakIMOHHpO- 
Bauch Ha KoNOHKeTlogz6Oumbuaka. B pesybrate KpoMe o-llMKJOOyTaHa Hav 


jenn: 1) nentadTropstan — OecuBeTHbIl Tas C T. Ki. —- 48 —— 00 T. jie 
—103°. JIlurepatypupie ganupe (1°): T. Kum. —48,5°; T. ma.—102°; 2) nep- 


(brOpHUTpO303TaH — CHHMH ra3, c T. KuN.—42-~—43°. Mou. Bec HalieHHplit 
144, peruncieHnHplt Qin CeFsNO 149°. | 


Halineno %: C 45,34; N 9,06: F 62,74 , 
Brtuncneno %: C 16,10; N 9,39; F 63,75 


KuAKUH UpOLyKT peakwun (coOpaHHbili us 7 MpoOupoK) pasrousJica Ha PeK- 
THPUKANMOHHOH KoOHKe. B pesyibTaTe Ppa3roOHKH BBIJeJeHbI CeLyIoulMe 
IIpOAYKTHI: 

1) Tpudropykcycnaa kKucnoTa — OecUBeTHaAd %2KHAKOCTb, T. Kul. 72°, 
di? 1,542; np<1,3. Jlurepatypupie jaHubie (1): de | 030% Sipe eaos 


Hatineno %: F 49,44 

Buruucmeno %: F 50,00 
2) Tpucropaneranbzeruy (coOpaH B «oBylike»). BecuBerubii ra3, T. KM. 
—21°. JIurepatypupre qanupre (12) —21°. Mou. Bec: HaliqeHHbI 98, BEIUHCIeH- 
HbIM jwia C2FsHO 98; merko TomMMepHsyeTCaA B KpaCHBble Oeble KPHCTAJVJIBI. 
IIpu mponycKanun rasa B pacTBop 2,4-.HHUTpOeHUJITHApasHHa BbiMalaer 
KPHCTaJJIMYeCKUH THApa30oH, T. WI. KOTOporO Mocse MepekpHCTaNIH3alHnH U3 

00% cmupta 150—151°. JIureparypuHpre qanupie (17) 150—151°. 


Hatizeno %: N 19,70 
CgHsF3N,O,. Brruncneno % N 20,15 


PropucTtHhH BuHHNANAeH U FNO. B crambuyto npoOupky BHO- 
cusocb 10 Ma BuHMIMAeHpTOpHyza, 8 Ma dropuctoro HUTpOsHsa u 25 Ma pe- 
ona-22. []poOupka ocTaBsiaAacb Ha JBOe CyYTOK Ip KOMHATHOM TemMepatype. 
OcTaToK Mocule€ BCKPbITHA MpOOHPKH HM OTTOHKH paCTBOPHTeIA MH HeTpopearu- 
pOBaBINMX HCXOJHDIX Teperousica — OecllBeTHAA JIErKONOABUKHAA KUKOCTH, 
HepacTBOpHMadw B BOJe WH B BOQHBIX pacTBOpax memouel. Ilocne cnmaBnenua 
c cyxum KOH jaer kayectBenuy!0 peaKUMlo Ha a30THCTY!O KucIOTy. T. KHIM. 


79—80°; dj 1,6160; n% 1,3437. Mow. pec: Halizenuprii 217, Bpruncnennnlit ana 
CaHaFaN2O2 226. B coequnennu Haliqen OJMH NOABUXKHbI BOJOPOAHEIM aTOM. 


Hatimeno %: C 21,52; H 1,85: N 12:75: BF 50,738 
Baucneno %: C 21,24; H 1,89; N 12,39; F 50,44 
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XHMHA 


WH. K. KOPOBHILBIHA uw K. K. NMBHAWK HH 


_ HOBbIM METOJ, CHHTE3A 
2,2,6,6-TETPAAJIK WJITETPAP MJ PONMPAH J AOHOB-3,5 


(II pedcmasaeno axademuxom A. H. Hecmuesnnoeom 4 1 1960) 


B HacToseh padoTte MpHBOAATCA pesy/IbTAaThI HCCJIEMOBaHUA PeaKUMH 1Ha30- 
neTaHa C MOHOKeETOHaMH H &-MKeTOHaMM paAa cbypaHuyuua. 

Mbt ycTaHOBHJIM, 4YTO Tipu felicTBHM WuasomeTaHa Ha 2,2,5,5-TeTpameTHJ- 
pypaHuyou-3 Momyuaetca 2,2,6,6-TeTpameTusiTerparuyzponupou-3 uw ceqE 
,2,6,6-TeTpaMeTHuITeTparHponupona-4; syuWMe pesyIbTAaTLI NosyuaioTca npu 
|POBELeHHH peakHH MO MeTosy in situ c IpHMeHenuem N-HuTpo30-N-mertusype- 
saHa un N-HHTpo3so-N-metuulyperuuiana, rye BbIXO OCHOBHOFO MpOmyKTa peak- 
lau qocturaer 55—58%. Jloka3aTembcTBOM cTpyKTypbl 2,2,6,6-TeTpameruure- 
IDarujponupoHna-3, NWpeWCTaBUuTeIA MOUTH HeH3BeCTHOTO paHee Kwlacca TeTpa- 
Mpo-B-MMpOHOB, CJlyKHJIO OKUCeHHe ero AByOKHCbIO celeHa B A*-2,2,6-6- 
STPaMeTHJAMruApoMUpou-3-ol-4, OeH3HIbHaA eperpylMupoBKka KOTOporo 
ipuBea K  3-oKcH-2,2,5,5-TeTpameTHJIPypaHuu-3-KapOOHOBOH  KuUCJIOTe, 
WICHTHYHOH KUCIOTe, MOMyYeHHOH U3 2,2,5,5-TeTpameTumdypaHuyoua-3. 


1 
OH 
a) y e) OH OH 5 
(e) O fe) O re) fo) 


| Ha 3HauHTesIbHOM UNCIe IIpHMepOB MBI NOKa3aJIM, 4YTO B3SaHMOJeHCTBHe 
|\2,5,0-TeTpaakusdy paHHHHIHOHOB-3,4 C SPUPHbIM pacTBOpOM Na3s0Me- 


| 
\" 
| 
| 
| 


AHa IIPOTeKaeT C PaCWIMPeHHeM UMKa MEKLY ABYMA KapOOHHJIbHbIMH rpynla- 
. OOpasonaBiiueca 2,2,6,6-TeTpaaIKUJITeTParnApONNpaHAHOHEI-3,0 B yCJO- 
AX PeCaKIUMH JHONH3UPYIOTCA HM MeTHJIMpPyIOTCH 3O0bITKOM uasoMeTaHa, 
rI€ICTBHe 4YerO B KAYECTBE IPOAYKTOB PeakUHU MOJYUalOTCA MeTHVJIOBbIe S*PHPbI 
)2,6,6-TeTp aaKuATeTparnApOnup aHAHOHOB-3,0, 


OCH, 


O O O OH 9) o) O 
os CHiN, e (a Se CHyNy SF RS ‘ 
R' c= RQ = R —— > R ik Sri R R 

mn Rano Rt Re VO ge SO ke Rv R" 


I 


|) Dduper sHOM_HOM POpMb! erKO THAPOMH3yIOTCA Mp HarpeBaHHu C ComAHOli 
jucoTol, Rapaa 2,2,6,6-reTpaamkuJITeTparuyponupanqMoHubl-3,0; 9Ta peakuns 
IoKeT CJIY2KUTb YOOHBIM METOJOM CHHTeSa yKa3aHHbIX B-7uKeTOHOB pxqa 
iTparuyqponupana. 
|| Tlonyuenupie Hamu P-4MKeTOHLI pala TeTparufporupana serko OOpasyioT 
|ASJIMUHbIC MPOHSBORHbIe; TaK, HallpHMep, 2,2,6,6-TeTp aMeTHJITeTp aru ponH- 
WHIMOH-3,5 aeT JHOKCHM, C€EMHOCHSHJIMJeHOBOe MpOHSBOAHOe MeTHIMpPyetca 
|iazomeraHoM, BCTyMaeT B peakiMIo asocouetanua (*). BoccTanoBjeHiem 
\PTHIOBOrO scdupa 2,2,6,6-rerpameTuuTeTparusponupansMoHa-3,5 aJIKOMO- 
IPHAOM MTA C MOCMeLyIOULMM THAPHPOBaHHeM Hay, M/laTHHO ObIJI MOY ueH 
D 6,6-rerpamerusiTeTparusponupon-3, WAeHTHUHBIM MOJyYeHHOMYy U3 2,2,5,5- 
pametusbypaHugona-3 uM MasomeTaHa. 
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Y.-. CHeKTPbI MOTIOMLEHHA MeTAHOJIbHBIX pacTBOpoB 2,2,6,6-TeTpaatKudl- 
TeTparvApOMMpaHAMOHOB-3,0 HW HX MeTHJIOBbIX SPHPOB HMCIOT MHTCHCHBHbIM 
MAKCHMYM NorviouleHuA B OOsacTH 250 mp (lg € 4,6), YTO ykKa3bIBaeT Ha 3Ha- 
YHTEIbHY!O SHOIM3aNMIO ITHX P-2MKETOHOB B M€TAHOJIbHbIX PaCTBOPaxX H Ha 
OTCYTCTBHE BHYTPUMOJIeKyJApHOH BO,OpomHOH cuasu. Y.-s. CMeKTpbl Morsio- 
ulenun 2,2,6,6-rerpaaikusiTeTparuyponupanyuouos-3,5 B 0,01 N meranomb- 
Hom pacrsope NaOH oOnapyxkuBaloT MaKcuMyM Torvolujenua B OOnacTH 280 Mp 
(lg 6 4,6), 4TO TOBOpHT O NOMHOM SHOMM3AUMH STHX AHKETOHOB B ME€TAHOWJIe HU 
TOIHOH JMCCOMMANHH B MeTAHOJIbHOM pacTBOpe efKkOro HaTpa. 

OrmetTum, 4YTO BO BCeX CIydaAx, 3a HCKOUeHHeM 2,2,5,5-TeTpameTudy pa- 
HHIMHMOHAa-3,4, XOPOLIHe BbIXOAbI MeCTHJIOBLIX s9cupoB 2,2,6,6-TeTpaaKuJ- 
TeTparuApOMHpaHAMOHOB-3,5 MOyyaloTcA JMINb NpH MpHOaBeHuu B peak- 
IHOHHY10 CMeCb MeTaHoula (10% mo oOObemy). Tak KaK B M€TAHOJIbHBIX pacTBOpax 
2,2,5,5-TeTp aaKusby paHuMHAHOHEI-3,4 CyUIeCTByIOT B TeMHKeTaIbHOH op- 
me (2), TO MbI CUHTAeM, TO JMUIb 9Ta topMa cbypanHAUNAMOHOB-3,4 crocoOHa 
pearHpoBaTb C QHa30MeTAHOM C pacllIMpeHHeM WuKJa. BpiIcOKHH BbIXO MeTH- 
uoBoro aiupa 2,2,6,6-rerpamerusiteTparuaponupanqMona-3,0, Mowyyaembi u 
6e3 MpHOaBsIeHHA MeTaHOJIa, OObACHAeTCA TEM, YTO HCXOQHbIN dypaHuyHu- 
Wuou-3,4 BecbMa rurpockonuyen (*) uw BCerya COMepXKHT HEKOTOPOe KOJIMYECTBO 
rHpaTHOH cbopMbI, MOCTpOeHHOH aHaJIOTHYHO TeMHKEeTAJIbHOH. 

CuenyeT OTMETHTb, YTO NO aHHbIM b. Oicrepta pacuiMpenue WHKJ1a TPHKeTO- 
THAPWHAaHa NOW WeHCTBHeM THa3OMeTAaHa IIPOTeKaeT JIMUWIb Mp MOJIHOM OTCYT- 
CTBHH BObI MIM cnupta (4). 


QIKCNeCPHMCHT4AALBHAA YWACTH 


MeTuHMOBHe I2MuUPH 2,2,66-TeTpaanaKuATeTparuge 
ponmupauAuouosB-3,od. K 300m (0,171 r-moun.) supHoro pactBopa qua- 
30meTaua pu 0° npHOaBaatoT 30 Ma a6c. MeTaHovla HW 3a 15 MUH. IpH Mepemeru- 
BaHuu pacTBop 0,05 r-mow. 2,2,5,5-rerpaaskKusdpypaHuqMHquona-3,4 B OO Ma 
adc. supa u 10 ma aOc. meTanowa. Cmecb OCTaBJIAIOT Ha HOUb HM 3aTeM NCIa- 
PAIOT pacTBOpHTeIM B BakyyMe. OcTaTOK PaCTBOPAIOT B MeTpOJIeHHOM 9pupe, 
moce OxakKenHa Oo —70° oTqeisior ocagox. KoucTaHTbl A BbIXObI Moury- 
YeCHHBIX Me€THJIOBLIX 3*HPOB MpHBezeub! B TaGu. |. 


CMe Mowrminirey aii 


3s Grae H, % 
Merusopble apupbt 2,2,6,6-TerpaamKustTerpa- Rs TANT. 
ru pOnupaHAuOHOB-3,0 5 Pea Hain. BbIY. | Hawg. | BBIY. 
2,2,6,6-Terpamerun (CyyHy50s) 46 74—75 | 65,26|65,19| 8,79 | 8,75 
65,20 8,93 
2,6-Humerua-2,6-quatH (Cy2H903) 41 69,8—71,3 | 67,67 | 67,89) 9,50. | 9°56 
OVATE 9,55 
2,2,6,6-buc-tetpametnmeH (Cy4H2903) 18,5 46—47 ion (ld Gale CnO Sm oma d 
71,20 8,51 
2,2,6,6-Buc-nentametuuen (CygHo403) o1,5 | 124,5-—126 | 72,48) 72,69) 9,24 | 945 
72,64 9,26 


2,2,6,6-TeTpaatKuaTeTparuxzponupan Auoun-3,5. Cyce 
mleu3u10 | Yr yncToro meTHOBoro adupa 2,2,6,6-Terp aaIkuITeTp aruqponu- 
panquona-3,5 B 5 ma 19% HCl narpesator mpu yacToM BCTPAXMBaHMH Ha BOA- 
HOM OaHe HeCKOJIbKO yacoB. Ilo oxnaxgeHuu OTZeNAIOT WuKeTOH. Ecau He BbI- 
AeIATh SPUP 2HOJIbHOM MOPMbI, a MOABepraTb PUApPOTU3y CbIPyO peakMOHHY 
maccy, OOpasylolly1oca MpH AelicrBuH JMasomMeTana Ha cbypanHAMHAHOHEI-3,4 
TO 3TH $-NHKeETOHBI MOXKHO MOJYYHTb C OOee BLICOKHM BbIXOJOM, YTO BUHO 
J\aHHbIX, IPHBeEMeHHbIX B Tab. 2. 
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Ta6auna 2 


ar) 
pete Nae c. % H% 
6,6-Terpaamkusterparug- a‘ APE, AG: 
pOUHpaHAHOHHI-3,5 a OSS SS (mlocule 
(6pytroopmy ia) _ Sar Hgse|  BosronKn) 
® 86 oe Haliq. | Bbru. | Haliz. BBIY. 
mee |] au | mee 
,6,6-Terpameriu DO On aoe OG 158—158,5 |63,31/63,51| 8,42 8,29 
CyHi403) 63,54 8,54 
)- Tumetuu-2,6-qu9TH SOP eal ou 44 |150,8—151,3] 66,52|66,64] 9,09 O15 
(Ci AisOs) 66,39 8,99 
-Tamerua-6,6-rerpame- | — | — | 40 |152,5—153,5]67,41|67,32| 8,34 | 8,22 
MuIeH (CyyHy¢08) 67,57 8,33 
,6,6-Buc-terpamerusen | 96,5 | 18 38 169—170 |70,32]70,24!] 8,47 8,16 
Ci3H1igOs) 70,47 8,23 
-Aanena 6-nerrase = — At 161,5—162 | 68,85| 68,54] 8,79 &,63 
WJICH (Cy2HigO3) 68,90 8,69 
,6,6-Bbuc-nentaMeTueH | 96 HADES) | 59) SES OOD Ot ly Soa tort 8,86 
}Ci5 2203) 72,07 8,93 


Ga TloBceqHeBHOe BHHMAHHe HM HHTepec K HallieH paOoTe MbI IpHHOCHM Cep- 
(2 OnaroyapHocTb mpod. IO. K. lOppesy. 


MocKOBCKHH TOcyapCTBeHHbIM yHHBepcuTeT Tlocrynuno 
um. M. B. JlomoHocopa 3 I 1960 
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Jloknayn AnlayeMuM Hayk CcCccP 
1960. Tom 132, Ne 4 


A. JI. JIMBEPMAH, T. B. BACHHA u akanemux B. A. KASAHCKMM 


O MIPOCTPAHCTBEHHOM KOH®HFYPAWHW CTEPEOH30MEPH bix 
1,4-(MU30NPOMMJIWAK JOPEKCAHOB 


B 1956 r. Hamu Opio moKasauHo ('), uTO y cTepeon3omepos 1,4-7HH30mpo- 
MHJIMMKJIOTeKCaHa HUXKCKHMAIMH H30Mep HMeeT OOsIee BEICOKHe MOKAa3aTeJIB 
MpeIOMIeHHA HU yWerbubI Bec. Mexpy TeM, JIA BCeX IPYruX U3BECTHHIX B TO 
BDeMaA CTepeousomepHBIX 1,4-2MaIKMIUMKIAHOB Oosee BLICOKNe 3HaYeHHA STHI 
KOHCTAHT XapaKTepH30BaIH, Kak pa3 HaOOOPOT, BbIIMeKUMALMe M3OMeDBI. 
IIpeqpaputenbuoe (+), a 3aTem u Oosee WeTaIbHoe (°) UCCeqOBaHHe CIIEKTPOB 
KOMOHHAWMOHHOFO paccexHHA cTepeoHsomepHElX 1 ,4-7MH30NpONHJIUMKJIOreKCa- 
HOB HW COMOCTaBIeHHe MX CO CHeKTpaMu Jpyrux wuc-Tpanc-1 ,4-1MaIKHIMHKJO- 
rekcanos (°) (B Tom uncne c 1,4-qHMeTHIMMKIOreKCaHOM, y KOTOpOrO MIpo 
CTpaHCcTBeHHad KOHdurypalluA cTepeow3omepoB OKa3aHa JOCTATOUHO Halex 
HO (*)) NMoKa3aI0, YTO B HallleM Clyyae HHXKCKHMAULMH HSOMEP ABJIACTCA WHC 
dopmol. Takum o6pa30M, MbI BCTPeTHJIHCb CO CBOeCOOPa3HbIM OTKJIOHCHHEM OT 
mpapusa AyBepca — CxuTa, yTBepxKalouero, YTO WHC-POPpMbI ABY3aMeULeHHBIX 
UMKJaHOB JOJDOKHbI KHMeTb BbIle TpaHc-opM. Kak M3BeCTHO, NpoMsolenwHy 
3a TlOceqHHe TOMbI HEKOTOPHIM NepecMOTp STOO MpaBusa KOCHYJICA TObKO 
panos 1,3-quankusmuuKonenTaHop (°) u 1,3-tMankusmluKmorekcaHoB (4), 
a HapylleHuit MpaBuia B pany 1,4-2By3aMelUleHHBIX IHKJIOreKCaHOB JO Halllen 
pa6oTbl He oTMeyanocb. JIumb B 1958 r. Manen u XaGep (*) Ha6monanu Hapy 
WeHve MpaBula, COBEPIIEHHO Takoe 2%Ke, Kak u y 1,4-AMH30NpONuAUMKMOreKca- 
HOB, HO Ha IIpHMepe KHCJIOPOAHEIX NPOH3BOAHbIX: 2-, 3- uw 4-meTHIMMKIOreKca 
HOJIOB. 

Beuly MpuHUHNvaIbHOrO 3HaYeHHA TaKHX (akTOB HapylWeHuA MpaBusa 
Aysepca — CkuTa, MbI CUMTaJIH BaxKHbIM NOATBEPIUTb ero B Ciryuae 1,4-7nu30- 
MIPOMMJIMHKJIOPeKCaHOB JIA OOvIbUIeH HaeKHOCTH CHHTeTHYCCKHM TyTeM B JO 
MOIHeHHe K JOKAa3aTeJIbCTBAM CICKTPOCKOMMYeECKHM, O KOTOPbIX TOBOPHJIOCb 
Bbllle, PelieHHio WaHHOM 3aqaunN uM NMOCBALeHa HAaCcTOsINad padora. . 

B KauecTBe HCXOHBIX BEIULECTB MbI B3AJIM JMMCTHJIOBbIe S¢UPbI ILHC- M TpaHc- 
rekCaruypoTepepTaseBblX KHCJOT, MpOCTpaHcTBeHHad KOHUrypallua KOTOPHIX, 
KaK WM CaMMX KHCJIOT, He BbISbIBaeT COMHeHHA (’,°). MmMenocb B Buy Kab 43 
CTepCOH3OMEPOB TOPO3Hb MpeBPaTHTb B CooTBeTcTByloMlyI0 dopmy 1,4-2H430- 
MpOMWIWAKOreKcaHa MO cweyroulel cxeme: | 


OH Cl H : 
eee EN Oee c ea: Hee ( Nees HC é = Cue 
aN yy VR OS 
| | 4CH MgCl | 2H | cin | | 
ia Se in a 
COOCH4 HsGtG, =5er, H.G-2iG=4ene HC Ce3One 
on i 


Ecum Obi peak NpOwin crepeocnenu@uyHoO, CpaBHeHHe KOHCTAaHT H30MEp HbIX 
YIIeEBOOPONOB, MOJYYeHHbIX TIO STOH CXeMe HM paHee BBIeeCHHEIX TOUHOM 
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peKTH@uKanneH (*), Malo Obl OKOHYATELHBIIi OTBET OTHOCUTEbHO HX TIpocTpan- 
TBEHHOH KOHGHrypauNH. OHako OCYUIeCTBUTb 2TOT CHHTe3 MOKA yjaocD 
MIb JIA TpaHc-popmpl. B cayuae xe WHC-PopMbI Bce cTaquN CHHTe3a MpoTe- 
KaJIM HECTEPeCOCHeMMUYHO, a COOTBETCTBYIONLUN MMC-AUXOpHA axe Boodle 
He ylalOCb BbIJeINTb B HHIMBUyaIbHOM BHe. 
Tlogpo6noe onucaHHe CHHTe30B VM CBOMCTB BIepBbIe MOJIyYeHHbIX CTepeoH30- 
AEPHBIX JHOJIOB, TpaHC-ZMXJOpHa HU HEKOTOPbIX Apyrux BellecTB 6yyzeT Dano 
O3THee; 30eCb NPHBOAATCA JIMUIb KpaTKue cBeqeHHaA. Mcxoguple AUMeTHVJIOBBIE 
(PUpb! WHC- HW Tpanc-WHKNOreKcaH-|,4-quKapOOHOBbIX KHCJOT OBI MOyUeHbI 
HPpHpOBaHHeM JMMETHJITepedTanata, paskeneHHveM MyTeM BbIMOpaxKUBaHUA, 
3aTeM THLaTebHOH OYHCTKOH TpaHc-cbopMbl (MHOTOKpaTHOM MepekpucTamaiu- 
aunen (T. m1. 70,0—70,5°)) mu wuc-cbopmpl — KpucTanmu3anuel u3 xbupa mpu 
W3KOH TemMepaType u leperoHKkOH B BakyyMe Ha 3qdeKTHBHOM KOOHKe 
Kum. 126,9—127,2°/7 mm; T. sameps. 9,6°; nS 1,4590; d3° 1,i111). 
JIto6ONbITHO OTMETHTb, YTO IPH TaKOM pasrOoHKe CMeCH JMMETHJIOBbIX 3cpu- 
OB CTepeOH30MePHbIX TeKCarHypoTepedTayeBblX KHCJIOT UYHCTHIM SiPup WHC- 
HCJIOTLI OTXOMHT B MepBEIX PpakWuAX, TOrMa Kak TpaHc-3pup BbIKPHCTaJJIU30- 
SbIBACTCA H3 MOCIeNHUX CPpakWM, a TAKXKEe COMEPXUTCA B 3HAYHTEIbHOM KOJIH- 
fecTBe B OCTaTKe. TakHM OOpa30M, B JaHHOM CJlyuae TpaHCc-popMa, B Hapylue- 
jue IpaBusa AysBepca — CKuTa, KHMHT Bbille WuCc-sopMbI, MOOGHO TOMy Kak 
ITO HaOwOfaNocb B cyyuae 1,4-RHH30NpONHAWNKNOreKcana ( ). 
1,4-Buc-(a-okCHM30MpOMmMJ)-NMKJOreKCaHbl NOJyYaHcb B3aHMOselCTBHeM 
(HPOB CTepeOH3OMEPHbIX KHCJIOT C OOJIbLINM M3ObITKOM XJIOPpHCTOTO uM Opo- 
mctoro MeTHJIMarHua (iMc-opma: T. m1. 100,5—100,7°; Tpanc-popma: T. m1. 
59,3—159,8°). CoorpercTBy1olulve TMXJOPHbl TOTOBMJIMCb HaCbIIeHHeM JHO- 
OB B M€TaHOJIbHOM paCTBOpe CYXHM XJIOPHCTbIM BOOpozoM. Tpaxc-H30mep 
bII TOUYYCH B MAHJMBULyabHOM Buse (T. na. 134,3—135,4°), omHako u3 WLHC- 
WOa OOpa30Baslacb CMECb IMC- HM TpaHC-2MXJIOpHAOB, He NosaBaBllaaca pa3- 
.eICHHIO. 

BecbMa TpyJHOH 3ayaueH OKa3alaCb 3aMeHa XJOpa Ha BOMOpON. Tak, pu 
OMHAaTHOH TemMepatype xJop BTpaHc-1,4-Ouc-(a-xXOpH30MponHI)-WHKJIOreKca- 
le He PHLPHpyeTCA BOMOPOOM HH Tp aTMOc(epHOM, Hu pH NOBbIWeHHOM (150 ar.) 
‘aBJICHHH B MpHCyTCTBHH HuKeIA Penen, WaTHHbI HM Mawalust, B TOM 
ucie Mawalua, OTMOXKeHHOTO Ha YIVJICKHCJIOM KaJIbILMH, KOTOPbIM, NO JHTe- 
aTYPHBbIM JaHHbIM (°), BbISbIBACT DIHMHMHUPOBaHHe XOpa ake u3 OensOub- 
oro spa. IIpu noppiuenuu Temiepatyppr 20 50—70° B mpucyTcTBuH STuX 
aTalM3aTOpOB XJIOp He 3MMMHUpyetca, a OTMeMAeTCA B BuRe HCl c oOpa- 
OBaHHeM JMONeuMHOB, KOTOpbIe 3aTeM THAPHPyiOTCHA, Mapa CMeCb CTepeou3o- 
epos (n° 1,4511). C Maruuem AuxJIopHy He BCTYMaeT B peaki[Mlo Jaxke B Mpu- 
yIcTBHuH OobIOrO U3ObITKa OpomucToro sTHIa. Takum OOpasom, OObIyHbIe Me- 
Ob 3AMCHLI TaOua Ha BOMOPOM OKA3aJINCb B HALLNeM CJIyyae HENPHFOAHbIMH. 

B 1949 r. T. I. Menpmimkos Mp u3yyeHHH CTpOeHHA asIKaOHa reMOTpHHA 
CNeWHO SJIMMHHUPOBal BBeELeHHbIN HM aTOM XJIOpa WeHCTBHeM BOAHOTO pac- 
Bopa Byxsopuctoro xpoma (1°). Stor mpuem Opi Obl HENPHMeHHM B HallleM 
qyuae BBY NoMHOH HepacTBOPHMOCTH H3yyaeMOrO HAMM JIMXJIOPHa B BOLE, 
HAKO HAM YalOCb HaliTH Apyrol NOAXOLAUMM pacTBOPHTeIb — STHMaleTat, 
HEM JOCTATOYHO XOPOMO pacTBOPAIOTCA He TONbKO AuXNOpHy u CrCl,, HO TaK- 
eu CrCls, 43 KOTOpOro MbI NosyyamH CrCl, IpAMO B STHJIalleTaTHOM PacTBOpe,; 
3TOM paCTBOpUTee HAM YalOCb MpOBecTH *KeaemylO peakIHiO Mp KOMHAT- 
oii Temmepatype. KoncranTbl NomyyeHHoro Takum MyTem Tpaxc-1,4-quHs0npo- 
WIWMKIOreKcaHa MpHBesenbt B TaO. 1. ComocraBseHHe HX C KOHCTAHTAaMH 3TO- 
0 yrieBoqopoya u3 Halleli mpexkuel padorpr (*) MoKaspiBaeT, YTO TIO CNeKTpaM 
OMOMHAaIMOHHOTO paccesHuA KONurypallun CTepeousoMepoB ObIIH Olpezene- 
bl TpaBHJIbHO. 

Tor cbakT, TO CHHTeTHYeCKHM MpelapaT HeCKOMbKO OTMM4AeTCA MO KOH- 
aHTaM OT nNosyyeHHorO pasronkoli (*) M MMeBIUerO BbICOKYIO CTeMeHb YH- 
OTbI, OObACHAeTCA MPHCyTCTBHEM B TepBOM HeOOJIbIOH MpHMech WHC-H30Me- 
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pi (7—10%). Tak kak YeTKHe TeMMepaTypbl N1aBeHHA AMONa UM MAXMOpHsa 
MOS3BOJSIOT JLYMATb, YTO OHH HE MOTJIM COMepXKaTb CTOIb OOMbIWOTO KOJIMYECTBA 
Apyroii (pOpMbI, culeyeT NOJlaraTb, YTO OOpas0BaHve CTepeOH3OMepHON NprmMecu 
TIDOH3OLIIO, BEPpOATHO, B Mpomecce sTMMMHMpOBaHUA xmopa. Ilo BceH BeposaT- 
HOCTH, B XOJe@ 3TOH peakIMH MIP MeCTHBIX MeperpeBaxX MpOWCXOAUT YacTHUHOe 
oTIeWIeHHe XJOpHCTOrTO BOROpoya. SaTeM XJIOPHCTHIM BOROpOA, KOHWeHTpa- 


Ta6munua 4 


CpaBHeHHe KOHCTaHT cTepeousoMepHbIX 1,4-(MM30MponHAUNKJOreKCaHoB 


T. Kum., T. 3ameps., 20 2° 
1,4-]uH30NPONHIWHKIOreKkcaH °C/7,5 MM °C aD) 4 


Tpanc-H30Mep, MOuyueHHbIt B aHHOH 


pa6ote 80,1—81,1 | —29,7 | 14,4488) 0,8152 
T pauc-“30mMep, NowyueHHE B (+) (cTe- 

IleHb UXCTOTHI 99,6%) 80,4 —28,0 | 1,4485) 0,8143 
Iluc-u30Mep, nomyuenupl B (!) (cTe- 

meHb uncToTH 99,7%) 13e9 —52,9 | 1,4524! 0, 8236 


ILM KOTOPOFO B YCJOBHAX PeaKIMH JOBOJIbHO BbICOKa, MOMKET CHOBA MpHCoeH- 
HUTbCA 110 OOpa30BaBllelHca JBOHHOM CBA3H C BOSHHKHOBeHHeM IIpH 9TOM IHC — 
uw TpaHc-(opM. B pe3yvibTaTe JaJIbHeHIWeroO SJIMMHHHPOBaHHA XJIOPpa OHA U3 
3STHX (OPM aeT cTepeou3soMepHy!O IIPMMeCb, Hallpumep: 
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Tpaic-Opma 


Bee »e 9Ta MoO0uHad peaKWHA MpoTekaeT, OYeBHAHO, B He3HAUHTebHOL 
CTeMeHH M SIMMMHMPOBaHHe XJOpa MpHBOAMT MpeHMyleCTBeHHO K TPaHC- 
w30mepy. Takum OOpasom, CieaHHbIli HaMM paHee BHIBOL, YTO HWKEKHNAUA 
] ,4-1Hu30NpONMJIMUKOreKCaH HMeeT IMC-, a BBIMMeKHMAIHH — TpaxHc-cTpoe- 
HHe, MOY JONOMHHTeIbHOe MOATBeEpxKTeHHe. 


QIKCNEPHMCHTANBHAA YacTh 


PactBop CrClspB 3Tuaanetate. B dmaphoposyw yaliky IlOMe- 
ujaocb 30 r NepeKpHCcTaIM30BaHHOrO XpommuKa U 180 MJ KOHL. commHOlt Ku- 
CJIOTbI H CM€Cb HarpeBaslaCb Ha BOJAHOM OaHe JO Mpekpallenua BbIeneHHA | 
xulopa; COJMHAA KHCMOTA AOOaBAANACb 10 Mepe u3pacxoqoBaHusn. SaTem pe-¥ 
aKUMOHHAaA CM€Cb yilapHBaJlaCb AO MOMYYeHHA BASKOH KeHKOM MaCCbI, KOTO- 
py!o 10 OXIaKTeHHM MepeHocuH B Oanky c 350 Mu cyxoro sTHsaleTata, oc- 
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BOCOAKAEHHOLO OT STHOBOrO cnupTa. Xsopnbili xpom pactBopsvica * c OOpa- 
OBaHHeM TeMHO-Oyporo pactBopa. Ilo Mepe HafoOKOCTH STOT pacTBOp oTuAb- 
POBbIBaJICH OT HepacTBOpumoro KCl w Hacbillasicd CyXHM XJIOPUCTHIM BOJO- 
pofoM; Mp 9TOM OKpackKa pacTBopa Nepexosusia B TEMHO-MaJIMHOBYIO. 
BocctanoBpaeuue tTpanc-1,4-6uc-(-xno0pu3zonpo- 
Mu J)-WuHKAOreKCanHa. B Kpyraofonnyw uerbipexropsyio Kon6y Ha 
1 3. C pTYTHEIM 3aTBOPOM, MElaIKOH, KallebHOH BOPOHKOH, a Tak%Ke C BBOAHOL 
HM BBIBOAHOH TpyOKaMH JA BOROpOAa, 3aKPbITBIMH CKJAHKaMH THULeHKO 
¢€ cepHol KucOTOH, ObiI0 NoMEenMleHO 63 Tr WHHKOBOM Mb. SaTem BO3LyX H3 
KOJIObI BbITECHHJIH BOJOPOAOM HM H3 KalleJibHOH BOPOHKM OCTOPOXKHO MpHHsAU 
165 ma pactsopa CrCls B stumauetate, HacbujeHnoro cyxum HC]. Korma secp 
pacTBop Obl MpHMT HM peakUMA 3aKOHUMIAaCh (BET pacTBOpa CTam YHCTO- 
rowlyObiM), peaKWHOHHAA CMeCb Oblia OxXaKNeHa MO KOMHATHOH TemMepatypbl 
MK Hei IpusuT pactBop 5,0 r_ tpanc-1,4-6uc-(«-x0pu30npomn)-WHKJOreK- 
cana B 200 Ma STHJaneTata. PasmeliMuBaHHe NPOM3BOAMICCh B TeyeHHe 75 yac. 
KpyrvlocyTOuHO, NpHyem nocTeneHHO ObWIO WOOaBseHO 350 Mi HaCbILLLeHHOTO 
pacTBopa cyxoro HC] B stnunauetate nopunamu no 10—20 ma B 18 npuemos; 
3a 3TO BPeMA WMHK PaCTBOPHJICA NOYTH NOJHOCTLIO. SaTeM peaKIMOHHAA CMECH 
(OblJla BbIUTa B TPOMHOL OObeM BOZbI, M U3 KONObI DapopcKOTO OTOTHAH BeCb 
MOrOH, NepexogquBsmuk Jo 100°. uctunnat BhicasuBasica NOTaoM. STuMAaleTatT 
‘(OTTOHAJICA OT BbICYINeCHHOTO BePpXHETO CJION H3 MaJICHBKON KONGb DaBopcKoro, 
1B KOTOPyi0 PaCTBOP HEIPepbIBHO NORaBaJICA PO BPEMA Pa3rOHKH H3 KalleJIbHOL 
BOpOHKH. OctaToK (4,8 r) Obl coemMHeH C aHaJIOrMuHBIM OcTaTKCM (3,11) oT 
NapasesbHOTO ONbita c 4 r AuxXNopHya. CoeqMHeHHbIM OcTAaTOK Obl COpa- 
O6oTaH JByMA Nopuuamu 0 | Ma KOHL. CepHOH KUCOTHI (NOrMOTHIOCh 3 MJ 
BEINeCTBa), BLIMbIT BOJOM, BbICyINeH H NpoxpomatTorpadupoBaH Ha CHMHKareve. 
Ipu stom Cia nosyuena dppakuna (2,45 r), cBolicTBa KOTOpOH JauHbl BTaGu. 1. 
‘Cneqyioman @pakuua WaBala yKe NOMOKUTeMbHYIO peaKUHIO Ha HEMpesevib- 
HbIe€ HW TaJiony. 

B chektpe KOMOMHALMOHHOTO paccedHuA NOMYYeHHOH TakuM MyTeM JHH30- 
poOnmuHsuuKsOreKcaHoBok dpakunu ** WpucyTCTBOBaJIM BCe JIMHHH, XapakTep- 
‘Bb id BHILWeKUMALero U30Mepa, PaHee IpH3HaHHOTO TpaHc-PopMOH, OHAaKO, 
NO 3THM CH€KTPaJIbHbIM JaHHbIM, BO (paki UpucyTcTBoBaio uv 7—10% unc- 
wu30mepa. ComepsKaHne pumMecu Wuc-opMbI Ha OCHOBaHHH TemMepaTypbl 3amep- 
3aHWA WM paHee HaligenHOH (1) KPHCCKONHYECKOH KOHCTAHTbI TpaHCc-OpMbI 
(0,043 MOI. JOM Ha rpanyc) coctaprano 9%; Npu AONyMeHHU as AUTHBHOCTH 
Toka3aTesehi TIpeJIOMJICHHA MW YAebHBIX OOBEMOB COfepxKaHHe STOH NpumMecu 
coctapaseT 8% mo oGeum KOHCTaHTaM. Bprxoy dpakwun coctaBal 69% oT Teo- 
peTuueckoro, CaHTad Ha JUXJIOpH. 


MucrutyT opranuyeckoit xumun um. H. JI. Senuncxoro Ioctynuso 
Axayemuu HayK CCCP 2A I 1960 


HWMTHPOBAHHASA JIMTEPATYPA 


1A. Jl. JIu6epman, T.B. Jlanmuuna, B.A. Ka3saucxul, JAH, 107, 
3 (1956). 2B. T. Anexcauan, X. E.Ctepuu wu gp., COopx. Mccnenopanua no 
SKCMepUMeHTaIbHOH Hu TeopeTuyecKko du3suKe. Tlamatu Tpuropua Camynaosuya Jlanyc6epra, 
Msn. AH CCCP, 1959, crp. 43. §T1. A. Baxyaun, A. H. CoxonoBcKkaaugp., 
sp. AM GCCP. OXH,, 1956, 1130. 94 G, A. Hag gis,L. N.\O.w en, J. Chem:.Soc:, - 
1953, 408. ®°S. F. Birch, R. A. Dean, J. Chem. Soc., 1953, 2457. SSE iles alsieas 
BaG ita ber. J. Ore.’ Chem.) 23)) 2041; (1958)2.? W. H. Mills, G. Ho Kea ts, 
. Chem. Soc., 1935, 1373. ®R.Malachowski, J. Jankiewiczowna, 
Ber., 67, 1783 (1934). ®M. Busch, H. Stove, Ber., 49, 1063 (1916), 1° TI. II. 
eHbImHKOB, XKOX, 19, 1702 (1949). 


* Ecuu ynapwMBaHve NPOW3BOAHJIOCh MO NOJyYenuA TBeEpforo cyxoro OCTaTKa, PaCTBOpeHue 


PpOvCxXOMMO NNOXO U Tpe6oBaylO HeCKOJbKUX jHel. 
** Ayanu3 ciekTpa mpoussegzen B. T. Amexcananom u X. E. Crepuupim (Komuccua mo 


cnexTpockonun O@MH AH CCCP), KoTOpbIM MBI NONb3syeMcA cJyYaeM BbICKAaSaTb CBOIO Ola- 
OapHOCTb. 
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Jlonnann AkayeMunm Hayk CCCP 
' 1960. Tom 132, Ni 1 


XHMHA 


K. H. MOUAJIOB u Lr. Fr. PHJIbMAHIIAH 


NOJIAPOVPA®HYUECKOE MNOBEREHHE BOPOrUAPH OB 
HATPHA, KAJIMA WH JIMTHA 


(1 peécmaercno akacemuxom H. H. Yepuaceoim 26 XII 1959) 


Hecmotps ua TO, TO MO OoporHu~puaaM ULeIOUHBIX MeTAJJIOB Cyule- 
cTsyeT OOmmMpHad muTepatypa (*~°), MHOrHe CBOHCTBa HX, B YaCTHOCTH 


nojiporpaduyeckue, H3y4eHbl HeFOCTATOUHO. Ilo nomaporpadun 6oporuypH- 

OB ONYOJIHKOBAHO JIMUIb Be paOoThI, JAHHbIE KOTOPbIX Pe3KO IpOTHBOPeyHBbI 
és MW BeCbMa OrpaHHYeHHbl, MOCKOJIbKy 

OHH KaCaloTCA TOJIbKO OJHOTO IIPeji- — 


NaBH, 6 Q2MNaOH 


CTaBHTeJIA STOO KJacca coeluHe- 
Huh — NaBHa. P. JI. Mexcox (°), 
“u3yuaBliui OJIAporpapuyeckKuM 
MeTOJIOM OKHCJIeHHe HW PHApoH3 6o- 
ifs 5 pornspHa HaTpHA, Hallet Aa Hero 
G60 ‘uonofn 48-10 mono[n 84°10 monoja (pu pH > 9) aHOJHYIO BOJIHY C 


OMZAe MM 


Kak B Ooslee paHHeH pa6ore E, JI. 


26mm Bmm ayueno Fy, =-""076 B'(ay Kk. Sie 
30mm OTO CHJIbHOe pacxoxkyenue Ilexcox 
OObACHAeT HaIHYMeM MpHMeceli B 


ne 

pa vie eee coOcTBeHHOH paGoTe OH TIpHMeHA 
TeXHHYeCKHH MpOyKT unCcTOTOH 
oKo0 95%. Ormeuan  saBHyIO He- 
OOpaTHMOCTb aHOHOTO Hpomecca 
okucaeHua NaBHa, Ilexcox tem ue 
MeHee HCHOJb3yeT ypaBHenve VMup- 
KOBHYa H IPHXOAUT K 3aKsIOUeHHIO, 
yTO peaKIHA MpoTekaeT c yyacTHeM 
BOCbMH 3JIEKTPpOHOB: BH, + 80H-= 
Puc. 4 = BO, + 6H20 + 8 e. 


LiBH /unobopain Kanua 

MM | ° 

602MLiDH G0%04 | NaBH (OCHS), 
J 6 G2MNaOH 


1-10 “4 ane/n 


E,, =+ 0,105—0,013 pH, ‘orga | 


Mapmwaaaia uP. A. Bunuura (*) mo- © 


MpellapaTe, KOTOPbIM paCHONaralHy — 
- NIpeAUIeCTBYIOUINME ABTOPbI, HO HM B 
16:10 “nogsin pee aaa ae ' Be 


B uae sa6opatopun B xoje 


paOor No NpumeHeHuio Goporugpu- 
NOB B aHajMTHYeCKOH XuMuHM (*) ObIIO MpeqnpuHATO u3y4eHHe NOJIAporpa- 
cbuyeckoro mopeyenua NaBHa, KBHa u LiBHa. Jina aroro IIPHMeCHAJIMCh 
mpelapatTbl Kak TexXHHyecKkue (~ 80%) *, Tak uM OUMUeHHBIe, NO MeTOmuKe, 
OnucaHHOl B (*), H ComepxKaBUINe Gomee 98% GopornzApuya. 
TlomaporpabupoBanve MmpousBoynsoch Ha MUKponouiaporpame Telipos- 
ckoro, Moyet M-102 c pTyTHBIM KalembHBbIM SJIEKTPONOM (KOHCTaHTa Kanuu- 
aapa K = 3,14%.2,6% = 2,50). U[pu wusmepexuax norentumaios TIpHMe- 
HAJICA MPCIMSHOHHEIM BOJIbTMeTP. TulaTebHOe OOCAEMOBAHHe AHOAHO! H KaTOR- 


* TIpenoctapnenpt Ham A. ®. )Kurauem. 
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pH OOvlacTeli BCeH NoAporpaduyeckol KpuBoli B uHTeppane or +0,2 B 
»— 2,0 B NoKasa0 HalMune AA pactBopa NaBH, Bp NaOH equucrsennoit 
HOAHOM BOJIHbI C £1, =— 0,65 B. OTa BOJHa yMeHblllalacb C TeYeHHeM Bpe- 
HH 110 Mepe pasyiomenua NaBHa — uw nakonen ucye3sa BoBce. Ona ucuesma 
KxKe B pe3yJIbTAaTe paspylienna OoporusApusa KMNAYeHHeEM HM MOAKUCeHHeM 
crBopa. Ona OfMHaKOBO XOpolio BbIpaxkKeHa KaK B CJyyYae OUHULeHHOTO 
aBHa, Tak um Texuuyeckoro. IIpucytcrsoBaBiue B Mocseq,HeM MpuMecn, 
HaBHbIM OOPasOM aJIKOFO/AT, HUYeM CeOaA Ha MOJIApOrpamMMaX He MpoABHJIN. 
€ Wal HUKAKOW BOJIMbI HW CieWMabHO MpHroTOBJeHHbIM amkoromatT. Ipunag- 
2KHOCTb HaOJIOJCHHOH BOJIHEI HOHY BHa™ Opa 3aTeM MpoBepeHa OMbITaMU 
OUHUCHHbIMH HW HeOWMUeHHbIMH KBHa wu LiBHa B pacrsopax KOH u LiOH 
pOTBeETCTBeHHO. O6a 9TH GoporuzpHya Rau Ty #Ke Camyio BOJHY HM Bern ceOa 
WM NOJAporpadupoBanuu ananoruyHo NaBHa (pue. 1, ta6n. 1). Tlomomwenne 
XapakTep BOJIHbI MpakTuyecKkH He 


HAJHCh pH BapMalluaAX KOHIeH- Me och! 
auuH OoporHyzpuyoB u UpHu usMme- 
HHAX CocTaBa toua — BBeeHHH pH | Ex, | tg « 


OpHOB u Mp. 


TakuM OOpa30M, He ocTaeTca 

DMHeHWH, 4TO yKa3aHHadA BOJIHa NaBHy, 4,8-10-% mounb/a 

Sy ClOBIEHA uoHamu BH, u 4To hen 0.636) 0.073 

MKaKOH [pyro BOJIHbI STH MOHBI 9°36 —0 649 | 0.088 

© mopox air. 9°50 —0;644 | 0,077 

| Tlomyuenunilt pe3sy 1bTaT omposep - 9,68 —0,658 | 0,063 

eT Januple Ilexcoxa. M3 cBorctTs 9,97 —0,644 | 0,074 
. LO —0,652 | 0,065 

DPOrHpHAHOH BOJIHBI lipexKjle 0,17—0,2NNaOH | —0,658 | 0,068 

ero HaMH OblJla uU3y4eHa 3aBUCH- —0,650 | 0,066 


OCTb €€ BbICOThI OT KOHILCHTPalluH 
oHOoB BH,. B uccieqoBaHHoM ua- 
a30He KOHUeHTpauuh 107° yo 107+ 10, 82 | —0,672 | 0,056 
OJIb/JI 9TA 3ABHCHMOCTb HOCHT JIH- LiBH,, 1-407 momp/a 

eHHbIM XapaKkTep. OTcyTcTBue 
|PONOPUHOHAMbHOCTH MeXKy TOKOM 
KOPHEM KBajlpaTHbIM U3 9sddek- 
MBHOrO JlaBJICHHA Ha Kallatollyt1o Tuno6opat Kanua 1,5-10-? monb/a 
yTb yKa3bIBaeT Ha TO, TO IIpe- 


KBHa, 5,7-10-3 monb/a 


Bogubit pacrBop mocae | —0,65 0,063 


HarpeB. Jo 70° 


i 0 iy 

CJIbHbIM TOK ABJIAeTCA He MOJ- a eas DE be oor: 

OCTbIO uddy3HOHHEIM. NaBH(OCHs)3 1,77-10-? monb/a1 
BoporuypHybl MeTaJIOB B BOJ- 0,2 M NaOH | —0,655 | 0,059 


bIX pacTBOpax, OCOGeHHO B KHCJIbIX, 
NABHUTEIbHO ObICTpO pa3JaraloTca, BCeqcTBue Yero NOMApOrpaupoBaunue B 
[HX yCJOBHAX Kpaline 3aTpy4HuTembHO, MMenno MosTomy padoune pacTBoppl 
DTOBUJIHCb HaMH C IIPHMCHEHHEM COOTBETCTBYIOWUX WeOUeH H IWeOUHbIX 60- 
ATHBIX OyepHbIX CMeceli, KOTOPble OLHOBPeMeHHO CJIyKuIM HU Ponom. IIpu 
Oope HanOoslee yOGHOK AA padoTb OOnacTH 3HayeHHH PH pacrBoposB Hamu 
SWJIO ChelaHO BeCbMa BaxKHOe HaGwOMeHHe. OOHAPy Keno, YTO BbICOTA BOJIHbI 
DPOrHApUAa Mp OHO u TOM xe erO KOHWEHTPANH B CHJIBHOH CTeMeHH 3a- 
ucut oT pH cpenpl. Ona 3aKOHOMePHO H3MeHAeTCA C H3MeHeHHeM PH anTuOaT- 
D mocieqHemy. B pacrBopax c JocTaTouHo BpicokuM pH (spite 12,5), B ko- 
DpbIX OOPOrHApHAbl OTHOCHTENbHO CTAOWJIbHbI, BOMHa IpakTHYeCKH OTCYT- 
Byer. Orcioya sormuecKu culeqyeT, ¥TO HaOuIOqaeMad BOMHA NpHHaIexKUT 
JIeHCTBUTeIbHOCTH He HOHY BH,, a KaKOMy-TO M3 IIpOyKTOB ero ruApowusa. 
ajoM ucceqoBpanult (°-!1) ycraHoBmeHO, YTO THApOMM3s CoporuAzpUAOB Mmpo- 
>KaeT B HECKOJIbKO CTauH, Ha OMHOM M3 KOTOPbIX IPH H3BECTHbIX YCOBMAX 
Lyesnetcd WuOopan. IlocueqHuli, Kak Mu TeTpaOopaH, cmoco6eH pearHpoBaTb 
welo“amu, OOpa3ya Tak Ha3biBaemble TumoOopaTEl. 

Pa6oramu B. WV. Muxeezsoli, B. IO. Cypc ('%) 9KclepHMeHTaJIbHO MOKa- 
AHO, UTO PHMOOOPATbI MOXRKHO PaCCMATPHBATb Kak MPOAYKTb! OTACMbHBIX CTa- 


or 
rors) 


ul rugpomu3a OoporHyzpHyAOB No cxeme 
[BH,]- > [BHg (OH)]- > [BH2 (OH)2]- > [BH (OH)s]- > [B(OH)4]- wan BQ -2H20 


VU. Fy6o u X. Kanaptacc (4), pa6oraa meroqom undpakpacHolt cieKTpo- 
CKONMH, He OOHAPYXKHN MOIOC MOPMOWeHAA, KOTOPbIe MOXHO ObIIO Obl MIpu- 
mucaTb HoHaM BH2(OH)2~ wu BH (OH)s~, Ho 3TO He NpOTHBOpeuHT NPHBeeHHOU 
cxeme, u60, KaK OTMe¥aIOT CaMH ABTOPbI, «HeHaO/IOLaeMOCTb» MpoMexKyTOU 
HbIX HPOLYKTOB, BEPOATHO, CBA3aHa C HX MOBbIMeHHOH peakUMOHHOK cmoco6- 
HOCTBIO. 

Mpr uponycKasau ra3z000pasHbl AHOoOpaH B KOHILEHTPHPOBaHHble pacTBOPb 
KOH, NaOH u LiOH npu oxnaxgenun *. Ilomysenupie pacTBoppl runobopa 
TOB JlalH pu NoAporpadupoBaHuun OLHy u Ty %e Bony Cc Ex, =— 0,6 B. 
Pa36aBleHue 9THX PacTBOPOB MpuBOsNJO, Kak M B CJlyyae pacTBOpoB Oopo 
rHIPHLOB, K MpOMOpUMOHaIbHOMY YMCHbIUeHHIO BEICOTHI BOJIHBI. IIpu cToaHH 
pacTBOpOB BBICOTa «rHNOOOpaTHOM» BOJIHbI C TeYeHHeEM BPeMeHH MayaeT, Ka 
vw «OOporMspHAHOM», TO ypaBHeHMIO KMHeTHKH |-ro NopsyKa (Mo rumooopary | 
uv OoporuspHay cooTsetcTBenHHo) (°). Boma MpakTuyecKkH ucuesaeT Mp KH 
IIMYCHHM PaCTBOPOB, a Tak2%Ke IPH CHJIbHOM MOAKHCEHHH UX, BCeEACTBHE pas 
pylwieHua rumoOoparos. 

Ha OCHOBaHHH MpHBeCHHBIX JaHHbIX HEOOXOMMO 3aKJIIOUHTb, YTO «OOpO- 
rHApHAHaA» BOJIHa MO CyLeCTBY ABJIAeTCA «rHmoOopaTHon». 

Bompoc 0 TOM,KaKoMy H3 Tpex rHmoOoparos, oOpasy!ouluxca MIpu rugzpounse, 
COOTBETCTBY ET NOMAPOrpaduyecKad BOJIHA, BECbMa TPyeH AVIA paspellenua, Ta 
KaK HMECTb JI 9KCIEPHMEHTOB PaCTBOPbI KaxKOFO “3 runoOopaTos Oe3 IpHMecu 
OCTAJIbHbIX, MO-BHXJHMOMY, HEBO3MOXKHO. TeM He MeHee Ha STOT CYET MOKHO 
BbICKa3aTb CJIeqyIolulue CcooOpaxkeHHaA. 

X. B. Wudpunpm u A. C. Borosocuespim B Halle madopaTopun u3y- 
yaslOCcb THTPOBaHHe HOMaTOM KaJIMA pacTBOpOB OoporuApHAoB MU runobopaToB 
B xofe HX TH{poIM3a IpM KOMHaTHOH TemMepatype u NpH HarpeBaHHH. 
Oxka3aylocb, UTO CBeXKEMPHTOTOBJeHHbIe pacTBOpbl OoporuspHaa ATMA UW 
rHnoOopata JIMTHA, KOTOpbIe JOJKHbI COMepxKaTb, corsiacHo padotam (1,}%), 
TOJbKO NepBbid mpoxyKT rugposm3sa LiBH3(OH), tTuTpyrorca woxatTom, HO 
NosAporpapuvyeckoH BOJIHbI He aor, CreoBaTebHO, BOJIHa He MOMKeT IpH- 
HayviexkaTb HOHyY BH; (OH). IIpu narpepannu yka3aHHbIxX pacTBOpoB JO 
60° u Bbllle BOJHa NOABIAeTCH, a IPH ambHeHIWeM HarpeBaHHu paCTBOPOB 
cOxpaHsAeTcA flO TeX Op, NOKa COXpaHAeTCA THTPyeMOCTb pacTBopoB. Tak 
KaK NOCJe€HUM THTPYIOWlHMCA NpOAYKTOM rHLpomH3a ABJIAeTcA HOH BH (OH)s, 
TO OH H JOJDKeH ObITb OTBETCTBEHHBIM 3a NOJAporpaduyeckyio BOHY. ITO 
NOATBepxXWaeTcA HaMMH OMbITaMH C TPHMeTOKCHOOpOrHApHAOM HaTpuA 
NaBH (OCHs)3 **, anvou KoToporo, nofo6Ho uony BH(OH);, conepxuT 


TOJIbKO O2MH aKTHBHbI BOOpom (HeMOcpeACTBeEHHO CBASaHHbIii Cc 6opoM) Hu 
jlaeT Ty »%e Bony c Ex, = —0,65 B (Taba. 1). 


DueKTpowHaA peakunA, OOycNOBIMBalOMlad HaOsOJaemy!o NomAporpadu- 
yeckylO BOJIHY, OYCBHHO, He MOxKeT, Bonpexu Ilekcoky, 3aKksouaTbCA 


B oKuceHHu HOHOB BH; c yuacTwem BOCbMH QJIEKTPOHOB, a JOJDKHA CO- 
CTOATb B OKMCJICHHM THMOOopaT-HOHOB, HallpuMep no ypaBHenuio: BH (OH); + 
+ OH ->BO; + 2H,O+H-+e umm BH(OH); + 20H->BO;- 2H,O + 
-+ H,O + 2e. 

Ileppaa u3 sTHX CXeM CorsacyeTCsA C BeIMYHHOM TaHrenca yruia HaksOHe 
rpaduKoB ee [(E) aaa SOoporuzpuyzos u runo6opatos, 6nsKol K 0,05% 


(a6. 1), Kak 9TO HMeeT MeCTO B peakIMAX C yYACTHeM OMHOTO STeKTPOHA 
B Tob3y BTOpOH CXeMbl TOBOPAT CTeXMOMeTpHYecKHe WaHHEIe MpoBOLMBIe 
roca B Halle JJaOopatopun ofatomerpuyeckoro TuTpopanua NaBH (OCH,), 


* [uOopan nonyyanca pu nomMomH smeKTpuwyecKoro paspsza O. H. Pycenkum. 
** Tipenoctasnen vam B. HM. Muxeesoii u T. H. Jipimosoit. 
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Vsyyapmasca Ilexcokom nocpegxciBoM mouisporpacbuyecKkoro MeTOfa Ku- 
STHKa OTHOCHTCA NO cyllecIBy He K peakUMAM OGOoporuyzpusa HatTpus, 
K THApouM3sy WH OKNCJIeEHHIO TfOMeXKYTOUHBIX MmpomyKtos. Ho u B 93T0M 
lydae pe3yJIbTAaTbI HCCJICMOBAHHA Heb3A CUHTATb JOCTOBEPHbIMH, TaK Kak 
1M MTlOJIYYeHbI O€3 yueTa KaTaJIMTHYeCKOrO BJIMAHHA PTYTH, KOTOPOe no 
AIUMM J@HHbIM BeECbMa 3HaUHTEJIbHO. 


YuctutTyT o6ujei WH HeOpraHMuecKOH XHMHM Tlocrynusio 
AxkajemMuyw Hayk CCCP 15 XII 1959 
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Jloxuayn Axanqemun nayr CCCP 
1960. Tom 132, Ns 4 


A. C. OHHLJEHKO u H. HW. APOHOBA 


ILMC- HW TPAHC-1-rAJIOHABYTAQHEHbI W WX OTHOWEHHE 
K JMEHOBOMY CHHTE3SY 


(II1pedcmaeaeno axaéemuxom B. A. Kasanckum & I 1960) 


B paye pador (1-4) coodmasocb, uro 1-xuop6yTaquex-1,3 He BCTyMaeT B AMe= 
HOBbIHi CHHTe3, TaKoe ero MOBeeHHe ObIIO OObACHEHO CTAOHJIM3HPyIOWIMM BJIMA- 
HHeM aToMa xwopa TIpH Cy B poMexkyTOUHOM KapOonueBol cucteme (I), He CII 
coOHOM BBUyy STOrO K 3aMbIKaHHIO WuKJa (°) 


: R ROR 
\ OR R Ve jp ne 
O oy Aman —_ 
; + Yee 


() (i) (ila) (ill) (lla) (vy 


Omunako croco6HocTb 1-3aMelleHHbIX OyTaqHeHOB K peaKIUMAM JMeHOBOTO CHH 
Te3a 34BHMCHT HM OT HX reomMeTpuHyecKoli H80MepHH. M3BecTHO, YTO WMC-H30MepbI 
(Il, R = CHs, C,H;, CN u ap.), Crpoenwe KOTOpbIx 3aTpyAHAeT UX KOHBEPCH 
B WHCOMAHY!IO KOHdopmauuio (Ila), B STY peakKUMIO MIPHCOeCAHHeEHHA He BCTy- 
latoT, TOrga Kak Tpanc-queup! (III), Wiad KOTOPbIX MOXKeT HMETb MeCTO Jerkad 
KOHBePpCHA B HEOGXOAUMYIO WIA WHEHOBOTO CHHTe3a WHCOMAMYIO KOH*OpMalluwo 
(IIIa), ¢ XOpolium BEIXOJOM aloT HOpMaJIbHBIe ayKTol (°1"). M3 Toro daxta. 
ytro 1-xmop-2-metua- (1?,1°), 1-xaop-3-meruu- (14) uw 1,4-qux0p6yTaquenpr (1° 
JIePKO PpearHpyt!oT C MAJICHHOBbIM AHTHIPUAOM, TakxXKe CJIELYeT 3aKJIOUHTb, YTO 
3TH JHeHbI ABJIAIOTCA TpaHC-H30Mepamu. O reomeTpHyecKkol u30mepuu l|-ranony 
6yTaqHeHOB JO HAaCTOALero BPeMeHH HHYerO He ObIIO H3BECTHO, H MOMKHO ObIVIO 
TOJIbKO lpesmoularaTb, YTO HX Tpanc-usomeppl (III, R = Cl, Br) qom«Kubr Bery 
MaTb B P€aKUMIO JHEHOBOTO CHHTe3a, TOra Kak WHC-H30MepnI (II, R = Cl, Br) 
K 3TOH peakuHH He OyyT cmocoOHHI. 

Hamu Opluio ycTaHoBeHo, uTo |-xopOyTaquen, NOJYYeHHEIN eruqpoxsopu- 
popanuem 1,4-quxmop6yTena-2 (°,°,1°), aBsmeTCH CMeCbIO IMC- 4 TPaHC-HSOMepOB. 
B COOTHOWIe€HHH MpumMepHO 9: 1, pa3qerHTb KOTOpy!o He yaeTCA Ha KONOHKE 
B25 7. T. [Ip B3anmMogecTBHH STOH CMeCH C MaJICHHOBbIM aHTHApUuOM (504 
55°, 12 aac.) c Bpixozom Jo 10% o6pa3syerca HOpMaJIbHbIM MpoxyKT ZMeHOBOTO. 
CHHTe3a, CTpOeHHe KOTOPOrO ObIIO WOKa3aHO erHAPHpOBaHHeM BO dpraeBbrit 
aHTMApPU. QTOT takT C HECOMHEHHOCTHIO MOKAa3bIBaeT, YTO B |MCXOMHOM cMecu 
cowep2uTca OKO 10% Tpanc-1-xnop6yTaquena, KOTOpbIii u O6pasyer ayy KT. 

OcraBlunlica Mocue BbIeeHHA AayKTa IWHC-H30Mep, B COOTBeETCTBHH CO 
cBOeH KOHPUrYpallNeH, JCHCTBUTEbHO He CHOCOOeH BCTYNaTb B HCHOBbIM CHH- 
Te3, OqHakO B IIpucyTcTBHH Hoga muc-l-xnopOyTaqueH cpaBHUTeIbHO werKO 
lpeppallaeTCsa B TpaHC-H3OMep, WaBax PABHOBECHYIO CMECb WMC- H TpaHc-opm, 
NOOOHO TOMy KaK STO MMeeT MeCTO B CuIy4yae WC-MMepusena (17), B pesysmb- 
Tate STOrO Tip HarpeBaHuu CMeCH WMC-1-xmopOyTaqueHa C ManeMHOBbIM aHrHy- 
PHNOM B HpHcyTCTBHH Hoa MpoHcxoAHT MocTeneHHoe OOpasoBanne amyyKta, 
OTBeyalOlerO TpaHC-H30Mepy, BbIXO KOTOPOrO MOxeT OocTuraTh 80%. Taxoe 
lipespamenue wnc-1-xnop6yTaquena B TpaHc-PopMy Mpoucxo_uT uv up KoM- 
HaTHOH TemMepaType, OHAKO CKOPOCTh peakKUHM TIpH sTOM HeBeAuKa. Bawa 
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Tbl H H3yYeHbI CN€KTPbl KOMOHHALMOHHOPO paccesHUA CBeTa IHC- H CMeCH 
P- HW TpaHc-u30mepos |-xnop6yragqnena-1,3 (18), Ananoruuno 1-6pom6yTagqnex- 
, MOJYYeHHbIM AeruspoOpomuposannem 1,4-7u6pom6yrena-2 (*,1°), apnaerca 
PCbIO IWMC- MH TpaHc-u3omepos (II + III, R = Br) B coornomiennu npumepHo 
: 1, uro Obl0 NOKa3aHO KOHeHCalMel TpaHc-u30Mepa C MaJICHHOBBIM aHTuy- 
OM HM BbIeeHHeM Wuc-H30Mepa. Llnc-1-OpomO6yTagqueH NOX BAMAHMeM Hoja 
%KE H3O0MepH3yeTCA B TpaHc-opmy, jalollyio C MaJIeHHOBbIM anu pHOM 
LyKT, KOTOpbIM yxke B ycOBuAX ONbITa (~70°, 100 yac.) ormpenaser Opomu- 
MH BONOpO WU MpucoeqMHAeT HOBYIO MOJIeKyJIy MasleMHOBOrO aHrHypuya, 
aa Onc-aHruypuy coctaBa C,.H,O,. 


IKCHWEPUMEHTATb Han “acre 


i-Xaopoytagauen-1,3 (I+HI, R=Cl), nosyuenupit us 1,4- 
mopOyTeHa, MMe CieLyioulMe KOHCTAHTHI: T. Kan. 66—67° npu 760 M, n% 


712; dy 0,9537. MR uaiizeno 25,93. CaHsCl, Fy, Bpruncaeno 24,61. 4 = | 
32, ¢ = 17400. 

Aurugpug 3-xaop-A-u ukaorekcen-l2tukap60Hno- 
Hw KuCAOTHE (IV, R=Cl). Cmecb 88,5 r (1 moms) 1-xn0p6yTaquena 
3 r (0,3 MO) MasIeHHOBOrO aHruypHya (+ rH_PpOXHHOH) OCTaBHJIH Ha HOUb 
i KOMHATHOH TemMepatype, a 3aTem HarpeBasu 12 yac. npx 50—55°. Bui- 
BUIMH KPHCTaJJIMYeCKHH IpPpOAYKT peaKWHH OTPULTpPOBaIN, NonyynsH 18,37r 
10%) aurugpuga (IV), KoTOppli nmocne mepekpucTatMsayHH M3 CMeCcH 
4301a C aleTOHOM umes T. ma. 130—131°. 


Hatigeno %: C 51,42; H 3,78; Cl 19,24 
CgH,O3sCl. Brruucneno %: C 51,48; H 3,78; Cl 19,01. 


aBJleHHe aflyKTa c cepoH (~230°) mo NpekpalleHua BbIemeHua cepo- 
Lopoya MpHBo_UNT K OOpas0BanHnio cdramesoro anrugpuya ct. na. 130—131°, 
PHTHUHOTO C 3aBeNOMBbIM OOpasiloM. 

Iluc-1l-xnop6yTagueu-1,3 (IJ, R =Cl). K octaputemyca nocae 
AJICHMA allyKTa ueny UpHOaBuau 5 r MaJieHHOBOrO aHTHApHya uM pacTBop 
‘pepasiu mpu 50—55° eme 12 uac. Jlambyetuiero oOpa30BaHua aqyKTa He 
Juomanoch. He BcTynNuBIMH B peakyMio Wuc-l-xmopOyTaquen OTOrHaJIM Ha 
onKe B 257. T. Tlonyanau 68 r (~78%) anctoro uuc-queHa (11); T. Kun. 
8—67°, ni) 1,4703; d;? 0,9553. MR_ naiijeno 25,86. CaHsCl, Fe, Bpranc- 
oO 24,61; A.= 232, s = 17400. 


Hatigeno %: C 54,31; H 5,74; Cl 40,05 
C4H;Cl. Brrucneno %: C 54,26; H 5,70; Cl 40,05. 


Usomepu3sanua wucl-xnop6ytaguena (Il)BTpauc- 
fomep (III). 50r uucroro uuc-usomepa, | r noga u 50 Ma cyxoro Tomyoula 
iMmyse HarpeBau upu 100° B Teyenne 20 uac. Ilocne ynanenua Homa 
OCYJbUTOM HaTpHA CMeCb H3OMePOB pasOrHaH Ha KOMOHKe (25 T. T.): 


th. wn, oG Kouuy., r nd azo 


4 @pakuna  66,8—67 20,0 41,4703 = 

2 mpakuua 67,0—67,2 ie 14,4720 0,9608 
3 ppakuna  67,2—67,5 ae 41,4724 0,9608 
4 ppakunsa Oh) Pips 14,4724 0,9608 


K 5 mua cyxoro Tomyoua upu6aBuau 3,7 r 3 ppakuun Avena u lr Manen- 
oro anrugpuga (+ ruqpoxuHoH), Mocme vero CmeCb HarpeBalH B amMyse 
60° 8 Teuenne 6 uac. lonyuuau 0,7 r KpncTamiuueckoro aptyxta (IV), 
HTHUHOTO ONMCaHHOMy BbIle c T. mI. 130°. 
Kouwencanua cmMecun Wuc utTpauclxaopoytagu 
OBC MaJe@HHOBHIM AHrHAPHAOM B MpHCYTCTBUH Hoga. 
a) K pacrsopy 3,7 r HCXOJHOH CMeCH H30MepOB 1-xopOyTaquena u4r 
eHHOBOrO aHruzpuna B 20 Ma GeH30na NpuOaBnn 2% Hoa H HeOOVIbIOe 
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KOJIM4eCTBO THAPOXHHOHA, HM CMeCb HarpeBasu 24 yaca Ha KAMALeH BONAH 
6ane B 3anasHHol ammyse. Tlonyaunnu 5 r agayxta (IV) c 7. mu. 130°. 

6) 1,7 r (0,02 mona) 1-xnop6yTaquena, 1,9 r (0,02 MOJIA) M@JICHHOBOrO a} 
rugpuaa, 2% oxa u creqp ruypoxunoua NpwOaBuau K 10 MJI CyxOro OeH30N1 
H 3TY CM€Cb B 3allatHHOl amMMysie OCTABHJIM IIpH KOMHATHOM Temllepatype I 
6 mec. BuieqMBuiMiica KPHCTaJIMYeCKHH aRyKT OTAeENHIH, NOJYIHIK 2,8 
(80%) onucaHHoro Bpe aggyKta (IV), T. ma. 130,5°. ‘ 

1-Bpom6ytaguen-1,3 (11+ II, R= —Br), nonyyennpii u3 14-0 
OpomOytena-2 (T. mu. 53°) umes culefyloulme KOHCTAaHTE!: T. Kun. 47—48, 
npu 161 mM, np 1,5112, d{° 1,3777. MRp uaiizeno 28,78. C,HsBr, F 
BhluHceHO 27,5. 

Aurugpug 3-6pom-A*-unkaorekceH- 1,2-qukKapOOHOBO! 
Kucaots (IV, R=Br). Cmecb 56r ucxoguoro 1-6pom6ytagnena (II + II 
u 5 Pr MavieMHOBOrO aHrvApHsa B MpHcyTCTBHH rHApOXHHOHA OCTaBHIU Mp) 
25 — 30° na 5 pHel. Buijenusumica kpucTalmueckHi TpOkyKT peaKiy 
oTqelHaH, Tonywuin 7r(~7%) afpyKta (IV), c 7. ma. 107 — 109° i 
pa3oxeHHeM (v3 OeHsovia). 

Hatineno %: C 41,62; H 3,09; Br 34,16 
*CgsH,O3Br. BrruncnenHo %: C 41,58; H 3,05; Br 34,16. ¢ 

CnulaBleHue 3TOro affykTa c cepoH npu 230— 235° jo npekpallenH: 
BbIJeeHHA CepoBOsOpoOa IIPpHBOAUT K *Taepomy aHruApHAy c T. na. 130° 
He JlajouleMy Jenpeccuu Cc 3aBeOMbIM OOpasiloM. } 

Iuc-1-6pom6ytTaguenu-1,3 (IJ, R=Br). Octapmyiwca noca 
OTHeeHUA afyKTa 2KUAKy!O CMeCb neperHanH Cc jedberMaTopoM, HM OCs 
NOBTOPHOM NeperoHKH Haj HaTPHeM MCTYYHIIM YHCTHIA wuc- | -6pom6yTanuex-1, 
(II) c r. kun. 47—48° npu 161 mm; np 1,5100, di° 1,3878. MRp naiijex 
28,68, CyHsBr, F spiuucneno 27,50. | 


Hatiyeno %: C 36,32; H 3,84; Br 59,36 
CsH;Br. Bpruncneno %: C 36,12; H 3,78; Br 60,09 


Kouweucanuna cmecu wuc-Hn Tpanc-l-6pomOyTé 
AYCHOB C M@€@JCHHOBBIM @AHFHAPUAOM B APHCYTCT 
BHU HOa. Cech 22 r (0,17 mona) ucxoguoro 1-6pom6yTagzuena, 18, 6 
(0,17 mona) ManenHoBoro aHrugpuya u 0,4 r toga B 50 ma cyxoro Gex300 
B 3allafHHOM amMyJie HarpeBann 100 yac. npu 70°. Tlonyuuan 8,3 r Kpuctas 
JIM¥eCKOrO (CbIPOrO) MpoyyKta, BEIxo_ 37%. BemecTBo TpyqHO pacTBOpseTeC 
B alleTOHe, YKCYCHOM aHrHypHye Hu ABJIAeTCA Onc-aHrMgzpuyoM cocTaBa C,,H,C 
ey ei 804". 

Hafigeno %: C 58,20; H 3,46 
Cy2H Og. Brruucmeno %: C 58,07; H 3,25 


Puypommsyetca UlelOublo, KaK @AHTHAPH YeTHIPCXOCHOBHOM KHCIOTE 


VMucTuTyT oprannuecko xumuu um. H. JI. 3enuncxoro Tlocrynuno 
Axkajemun uayK CCCP 2 1 1960 


UMTHPOBAHHAA JIMNTEPATYPA 


1D. D.Coffman, W. H.Carothers, J. Am. Chem. Soc., 55, 2040 (1938 
2A. A. Tletpos, H. II. Conos, )KOX, 15, 981 (1945). °A. JI. Kne6Oaunc kim 
P.M.Copokuua, 3. A. Xapuu, WKOX, 17, 235 (1947). 4B. C. Muxaame 
kala, AGAR Ilerp 0B, )KOX, 28, 1125 (1958). ® M. J. S. Dewar, The Electron 
Theory of Organic Chemistry, Oxford, 1950, p. 152. © K. Alder, Ann., 571, 157 (1951 
TK Al det, | MeaSte hi umacher, In Fortschritte der Chemie Organischer Naturstoff 
10, 1 (1953). °D. Craig, J. Am. Chem. Soc., 72, 1678 (1950). °° H. R.S nyde 
J. M. Stewart, R. L. Myers, J. Am. Chem. Soc., 71, 1055 (1949), 2°90. Grur 
mitt, ob. Chris tiorpahye de Am: Chen Socaesietloy, (1949); 73, 3479 (1951 
H.R. Snyder, G. Poos, J. Am. Chem. Soc., 72, 4104 (1950). "2. B. Tume 
Ko, )KOX, 6, 1131 (1936), %W.J.Jones, H.G. Wil liams, J. Chem. Soe 
1939, 829. “T. A. DapopcKas, DKOX, 9, 386 (1939). R. Criege, W.H 
rauf, W.D.Schellenberg, Ber., 86, 125 (1953). 18 J. E. Muskat, Ham 
Northrup, J. Am. Chem. Soc., 52, 4043 (1931); Am. nar. 2038593 (1936); Chem. Abst 
30, 3912 (1936); Chem. Zbl., 2, 3358 (1936). 17R.L. Frank, R. D. Emmie 
R. S. Johnson, J. Am. Chem. Soc., 69, 2313 (1947). 183M. HW. Ba Tyes, A.C.OHn 
uke HKO H Mp., JAH, 1382, No 3 (1960). 19 A. A. Tletpos, YKOX, 10, 1887 (194( 
140 


okaagn Akagemun nayx CCCP 
1950. Tom 132, Ne 4 


XHMHA 


. MOCTOBCKMHM, H. ©. KASAPHHOBA, T. b. APAHACbEBA u H. H. JIATOI 
HOBbIE 9®HPbI AUTHOKAPBAMMHOBDIX KUCJIOT 


(ITpedcmaereno axademuxom B. A. Kasaxcxum 17 I 1960) 


B cBa3H C MOABJICHHEM B JIMTepaType aHHbIX O 3allLHTHbIX CBOlicTBax B-amu- 

THJIMSOTHY poHHHOpomuya (I) (antupagon, AQT) or zelicrBusa NOHMSUpYyIONINX 

yuennli (,”) mpeqcraBrasio HHTepec CHHTESHPOBATb COCMHEHUA C PONCTBEH- 
CTpoeHHeM, a uMeHHO f-aMMHOSTHIAMTHOKapGamatTpi (II). 


CHg3 C.Hs 
é ~ a 
H.N — CH, — CH, — S — C— NH)-2HBr N — CH, — CH, —S—C—N 
| we | % 
NH CHs S CoH; 
(1) (111) 
R 
yo 
H2N —CH;—CH,;—S—C—N_ -HCl HN — CH, — CH; —S—C--Y 
Apes Ae ] 
S R S 
(11) (IV—VI) 


es fo 
(iv) Y = —N (C.H6)e (Vv) Y=— NY Oi YS NC 
| 
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B nateuTHou suTepaType ONMCaHO OHO CoeqMHeHHe 9TOFO CTpoeHua — B-H- 
PHJIAMHHOSTHJIOBLIM Sup AHITHIAUTHOKapOamMuHOBOK KucmoTH (III) (°). 
MM ObIJIH MOJIYYeHAI HOBbIeC KapOaMaTbl C HeE3aMeWeHHOM amHHOrpynnon (IV, 
VI). Orn semlectBa o6pa3yioTcH pH B3aMMOeHcTBHH B-xXOpsTHIAaMHHa 
ATPHEBHIMH COJIAMH COOTBETCTBYIOULAX JHTHOKApOaMMHOBbIX KHCOT (AHSTHUI- 
HOKapOaMaTOM HaTpHA, TeTpaMeTUJeHMTHOKapOaMaTOM HaTpuA Mu TMenTa- 
WJIe€HIMTHOKapOamaTom HaTpHA). IIpoxyKTsl u30MMpOBaHbl B Bue XOPOUWO 
HCTaMMSyIOUNMXCA xMOpruypatos (Tas. 1). 


TaOmuna 4 
B-AMMHOSTH MTHOKapOamatTbl 


N, % S, % 
PacTBopu- T-pa SS 
Y BeujecTBo repent MAaBs.,) Bpytto-bopmyuia : c , 5 
au3auuu Cc x ise = pas E 
A a a a a 
fea] ES =) Ks -) 
C.Hs @-AMMHOSTHIZH- Srumaue- }122—124| 61 | C,Hy.N2S2:HCl 12,50) 12,25) 27,94) 28,08 
SN= STU AUTHOKAapOa- TaT 
C3H,” MaT (xJoprHy- 
par) 
Ta g-AmunostTusmen- |. Srusaue- |187—189 59 | C,HysN2S2-HCl 41,15] 11,43] 26,40} 26,66 
NS TaMeTHJICHAUTHO- |TaT-+- CNUPT 
| | KapOamatT (xJIop- 
SIE rufApat) 
ae Ne @-AMHHOSTHSITET- Cuupr |184—186) 60 | C,HyyN2S2-HCl 12,13] 12,36) 28,10) 28,25 
|" >x- paMeTHJICHAATHO- : 
KapOamaT (xsop- 
ruypat) 
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Hcnob3sy u3BecTHyi0 peakuHiO aMMHOB C XMHOHAMM, MbI OCymecTBHVIH 
(HT€3 HOBbIX MPOHSBORHBIX O€H30- H HadToxunona (VII—XIV). 


O (vit) Y = —N (C2Hs)2 
lk pe eee ae oe Oe 


S 
| | oR 
a vill) Y=—N Ix) Y=—n\& 
Y—C—S—CH;CH,HN aie mes | | ae aes | 
| O 
$ i, 
Cl Xi) 
O 
ene 
| POS 
| ees (XI) X = Cl; Y = —N (GaHs)2 
O 
| (X — XIV) CR OX EY # | 
AeA 
) Pan . 
(XID Cl* -Y = — N | (CRO) Ox 2 Toe Misra aay | 
Wwe 


Mutepec kK Takoro poyla COeJHHEHHAM BO3HHK B CBA3H C TeM, 4TO B HOCTeqHee 

EMA CTAJIM H3BECTHBI HOBbIe (PHSHOJIOFHYeCKH AKTHBHBIC XHHOHBI (4°), a TakxKe 
BLIC CHHTCTHUECKNE JICKAPCTBeHHbIe NpelapaThl, coep»xallue APO XuHOHAa 
allpHMep, MpOTHBOOaKTepHaJIbHbIe BeMecTBAa (7), STHJICHHMMHHbIe MpOM3BOr- 
1€ C MpOTHBOONMyXOJeBLIMH CBOMCTBaMH (’,°)). 
- [Jpoussogupie Gen30xuHoHa (VII—IX) u nadroxunHona (X—XIV), comepxxa- 
ue f-aMMHOSTHJIMTHOKapOaMaTHble OCTAaTKH, OOpa3sylOTCA riaqKO pH B3anMO- 
MCTBHH CBOOORHEIX amuHoB (IV, V, VI) c xuHOHaMH B SSupHOM pacTBope u 
ENICTABJIAIOT COOOM XOpOllo KpUuCTaIIM3yIOUINeCH, TPYAHOPacTBOpHMBIe Be- 
eCTBa KpacHoro uBeTa (Tab. 2). 


QIKCNeCPHMECHTAMBHAA YWACTH 


Tlonyuenue QuTHOKapOamartTos. I[JenTametuueu- u TeTpa- 
TUJICHAHTHOKapOaMaThI HATPHA MOMYUAIMCbh B3AHMOJeHCTBHEM COOTBETCTBYIO- 
X AMMHOB (MuMepuANHA MU NUppOHAMHA) C CepOyrviepoOOM B O€H3OJIbHOM pac- 
ope B IpucytTcrBuu eqKoro HaTpa. J[vTHOKapOamaTbI ObIIH OXapakTepH30- 
HbI B BHUJ KapOOKCHMETHJIMPON3BOAHbIX, KOTOPbIe OOpasyloTca Mp B3aHMO- 
HCTBMM HaTPHEBbIX COJel JHTHOKAPOAMHHOBbIX KUCJIOT C MOHOXJIOPyKcycHon 


TralOi ve tae 


Kap6oxcumeruigutHoKapOamatpr (Y—C—S—CH,COOH) 
| 
S 
N, % | S, % 
T-Pa |Buxog, 
Ne BeujecTBo Ww1aBJ., . Bpytto-@opmyaa , BbI- 5 Boe 
°C 7 HauA: | aucer, || #24A- \unem, 
I, Kap6oKcumMeTHIH- 82—84 82 C,Hy;02NSz 7,05 6,76 | 31,60 | 30,91 
Pn STUAUTHOKAapOaMaT 
167 
N Kap6o0kcumerusnenta- |139—141 81 C,Hy302NS2 6,69 6,39 | 29,60 | 29,22 
= MeTHJIeH FHTHOK ap- 
| 6amarT 
SN Kap6oKkcumetustetpa- |141—143 83 C,Hy,0,NS2 7,14 6y8o) [POUR OZee odes 
| ie MeTHJICHJUTHOK ap- | 
GamaT 
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KucnoToi. KapOokcuMerHmpous30quble MpescraBiAwT coOoH Xopoulo KpH 
CTAJIM3yIOUUeCA H3 BOLL OeciBeTHble MPOAYKTbI C CPpaBHUTebHO HA3KUMH 
TemiepaTypaMu W1aBlenua (TaOm. 3). 

B-AMuHHOSTHAAUTHOKApGamarTn. 0,01 r-mom. COOTBETCTBY 
1oulero J[MTHOKapOamaTa HaTPHA PaCTBOPAJICA Ha XOJOZY B MHHHMAJIbHOM KO- 
amuectBe Bom; 0,01 r-mow. xmoprugpata B-xjlopsTHaMHHa TaK%Ke PaCTBO- 
PAJICA B HeEOOJIbUIOM KOJIMYeCTBE BOAbI, H pacTBOP NOAUeayMBasICA TBEPAbIM 
€KHM HaTPOM JO CHJIbHOULeTOUHOH peakiun. Oa pacTBopa CAMBaIMCh, MU peak 
ILMOHHAA CMeCb OCTaBasIaCb CTOATb IPH KOMHATHOH TeMIlepaType B TeYeHHe Cy- 
ToK. BpiequBuieeca Maco 9KCTparMpoBamocb apupom. BpicywienHaa aipupHan. 
BbITAKKA HAaCbIULalach CYXHM XJIOPHCTbIM BOJOPOOM, pH 3TOM BbIMalas OCaq 
OK XJOprumpata p-aMHMHOSTHAMTHOKapOamaTa, KOTOpbIM OTPHbTPOBbIBAICA 
WH IIpOMbIBaJICd 9SHpoM. 

PeakKiuacA AaMHHOSTHAOBHX IPUPOB AUTHOK AP Oay 
MHHOBBIX KHYCNTOT C XHHOHAMH. K 93pupHOMy pacTBOpy XHHOHa 
(0,01 r-mow.) mpHOaBiaica spupHpli pacrBsop B-aMMHosTHOBOrO Supa COOT- 
BeETCTBYIONeCH JMTHOKApOaMHHOBOH KUCJIOTHI B KOHYecTBe 0,01 r-MOu. AIA Ha- 
cToxunona u 0,02 r-mou. qa OeHs0xHHONA. Ip CTOAHHH M3 pacTBOpa sana 
OIECTALLHe KPaCHO-OpaHXKeBble KPHCTAJVIBI. : 
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loxnagn Axkagemun nwayx CCCP 
1960. Tom 132, Ne 1 


XHMH A 
NM. HW. CAHMH, M. Ff. BOPOHKOB, E. C. WENEJIEBA u B.-W. HOHWH 


B3AMMOJIEMCTBHE JMAJIKUJI®OCOPHCTbIX KUCJIOT 
C XHHOHAMH 


(ITpeccmasaeno axademuxom A. B. Tonuuesoim 29 XII 1959) 


|B mpegmecrpytoujux padotax ('~%) Opima mMoKa3aHa BbICOKaH AaKTHBHOCTb 
(bopopraHuyecKHX COeCMHEHHH KaK CHHTeTHYeCKUX JOOABOK K CMa304HbIM 
Jam. K TaKOBbIM, HallpHMep, OTHOCATCA HEKOTOPbI€ MPOW3BOHbIe JHTHO- 
opHOH, docdopHok u docdopucrow Kucsor. [IpeqcraBsasocb BeCbMa HHTe- 
HbIM Oly YHTb cocsopopranuyeckne COeMHEHHA, KOTOPble, MOMHMO J[Ppyrux 
PHCTB, OOayalu Obl TakxKe CBOHCTBAMH AHTHOKHCJIMTeIeH, WOOaBOK, 3aep- 
}BalOUlHX OKHCJICHHE YIJIEBOOPOAOB KHCMOPOAOM BO3yxa. 
Hamu Oblia MpeMpHHATAa MOMbITKa OCYULECTBUTb NpHCOeAHHEHHE HENOJIHbIX 
pos docopucroh KUCJIOTHI, WHaIKUJIOCPOPUCTHIX KHCJIOT K XHHOHAM. OTA 
AKUHA MpelcTaBsaAda H CaMOCTOATeIbHOe 3Ha¥eHHe. B. C. AOpamos (*°) 
CICOBAa PeaKIHIO B3aMMOJeHCTBUA WHAaJIKHJIMOCPOPHCTHIX KHCJIOT C aubye- 
aM MW KeTOHaMH B UpuCcyTcTBHH aKOrouATa. IIpu 3sTOM OblIO yCTaHOBJeHO, 
IIPHCOeCAMHEHHE [HaIKHIPOCHpOpHCTHIX KHCJIOT MpOHCXOANT MO KapOOHMJIb- 
rpynne c oOpa30BaHHeM 9(PHPOB G-OKCHAaJIKHJIPOCPHHOBLIX  KHCJIOT. 
H. Ilygosux, 10. I]. Kutaes u I. Sameraepa (°~*) ocymyectBuau mpucoequ- 
He [HaIKUMPOCPOpUCTHIX KHMCJIOT TaK%Ke B MPHCYTCTBHM AJIKOFOJIATOB K pas- 
HbIM HelpeesIbHbIM COeMHEHHAM. I IpHcoequHeHHe K HeMpee/IbHbIM KETOHAM 
TOM CyUae MPOUCXOLUT NO ABOMHOK yrvlepO-yrepoqHOu CBASH. 
B paccmaTpHBpaeMoM Hamu CJlyyae B3aMMOeHCTBHE ANAaIKUMIOCHPOPHCcTHIX 
CJIOT C N-OCH3OXHHOHOM MIPeMMONOXKUTELHO MOFIO IIpHBeCTH K OOpas0BaHHO 
POB yWurugpokcudenusdocpunosyix KucO0T (I). Ha Bo3MoxKHOCTb TaKoro 
MpaBleHHA PeaKUMM YKa3bIBaJIOCb 


| O O 
OH es OP OR) OP(OR) 
a i eet 
SUA AP ae Cy as ty 
bu On OR br 


(1) (11) (III) (IV) 


arente Jlequa u Xopsu (°). B neqaBHo olyOlMKOBaHHOH pa6ote (1°) 6p110 
ILECTBICHO MPHCOeCAMHEHHe MOMHIX SpupoB PocPopHcTOM KUCJOTHI K n-OeH- 
MHOHY HW WOKa3aHo, UTO TIpH STOM MOJTyyaloTCad COeAMHCHUA TOTO Ke THMA (LIE 
ecTe C TEM B JIMTepaType MMCIOTCA YKa3aHHA, YTO peakUMA MpHcoeAMHeHUA 
PHTOB K n-CeH3OXHHOHY H HEKOTOPBIM CFO MpOU3SBOAHbIM MOXKET MPOTeKaTb 
O JpyroMy HallpaBJeHHIO, a HMCHHO C oOpasoBannem COeMHeHHH, B KOTO- 
< (boctop cBa3aH c Kucmopoyom. Tak, B padote (‘') mpH B3aMmMoqeHCcTBHH 
aTuocpuTa Cc XJIOpaHHJIOM B KayecTBe TaBHOrO MposykTa Bee m10- 
Ma coetmHeHHe crpoeHua (III). AnamormuHoe crpoenne aBTopbi"*) mp- 
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Wier 


MHCbIBaIOT COCIMHEHUAM, MOJIYYCHHBIM B pe3syJIbTAaTe peakuun TpHaIKUIpocdpu- 
TOB ¢ n-GeH30xHHOHOM (IV). Ilocuenyrourue padorn (*” ) MOATBEpAMIH UX 


BBIBOJIbI. 


Kak Hamu Oblulo yCTaHOBeHO, Mp peak B3aMMOeHCT 


BUA HaKUIpoc- 


(pOpuCTEIX KUCJOT C N-GeH3OXHHOHOM OOpasyloTca [Mask HsI-nN-OKCUpenUspocpas 
Th, H CefOBaTeIbHO (pocopHad TpyMla MpucoeqMHAeTCA K KUCJOPOMHOMY 
aToMy O€H30XHHOHa NO YypaBHEeHHIO: 


+ HOP(OR), 


RONa | 
a 


O 
| 
OP (OR)2 


[IpucoenquHenve COMmpoBoxqaetca OObIUHBIM lIpeBpallleHuem XHHOMJHOM 
CTpyKTYPbI KOvIbIa B GeH30nLHy10. AHAaJIOPMUHBIM MyTeM NpoTeKaeT B3aHMOeH- 


OBbupy PochopHol KUCJOTHI 


T-pa mmas., 
°C 


1 


sS 
=e 
° 
* A 
a 
ise} 


e) 
a i 
Ho N= OP(OC,Hs5)2 
Oo 
= I 
HOC S- OP(CO,H,-u30)» 
O 
a | 
HO-__—OP(OGH, -U30)» 
i iG 
oul Vo (CHg)2 
Sey NOC (CHa) 
fe) 
paar | 
HO—<___S—OP(OGH,)2 
Oo 
| 
HO-K __ S-0OP(OCH,)» 
Vi OR 
YS Y 
O 
a I 
HO S—0P(0CH,)» 
= 
Se 


fe) 
re Ea SS ! x 
OmZO—C __ Y—OP(OCHs)2 


NHC,H; 
O 


NG lI 
CHO—C__S—OP(OCH,): 


74,5—75,5 
38 ,0—39,0 
49,0—30,0 
52,5—53,5 
154,5 
93,0—95,0 


144,0 
98 ,5—99,0 


120,0—124,0 


T. Kun. 


TadOauua 

C, % H, % P,% OH, 
(e) 

oth Oh Sh has eal nd VN aaa 
Ee g & | & x | & x |S 
Es] z = z = ue = = 
= | 2 | #|#2| 2 | #2] 2 [28 
43,8744 40)5, 17 14,0414 26|7,76)7, 80 
43,75)” 507 14,28 seine 
49 ,06 6,15 12,661, 
4899/48 801g’ 96/809} 49’ gg[42,60) — | — 
52, 44152,55/7,07/6,93/41,34/41, 4016, 2216 13 
55,32 7,84 10,24 5,57 
55, 44 [9262/7 g9]7 64] 49”34 (10, 26]5°5 4/5, 59 
fm | ea I tee 
—'| =>) = |.) S330 /6 ene 
—| —] —] — [41,47/41,55) — | = 
—| =| —) 210; 600s 
53,37 Lay 9,16 
—} —|— | — 43,62/13,37] — | — 


153;05156,0° 
(3 Mm)** 


* ComepxkaHve a30Ta B %: HalimeHo 4,25; 4,35; BbluucmeHo 4,15. 


** ni) 1,4968; de) 12541. 
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54 


89 


42, 


/Bue AManKuspocpopucTEix KUCIOT uC G-HapToxuHOHoOM. B tabu. 1 IIPHBeeHbI 


PMIepaTypbl WiaBeHNA M PesyJbTaTbl aHaH3a MOMYUeHHbIX Hamu COeLH- 
PHM. 

| Peakywa Mposoqusach Ip SKBUMOJIeKyYMAPHOM COOTHOWeHHM n-6eH30XH- 
pHa (MIM G-HapTOXHHOHA) HM AHaMKUMocpopucrTol KUCTOTH, B IIpHCyTCTBHK 
MKOrOATa HaTpus. B kayecTBe pacTBOpHTea MpuMenHsICA cyXxOH cmUpT, 
PRCPAKAMM TOT HE yreBOMOpOAbi pauKan, KaK M aNKOKCH-rpynmpl (poc- 
Mita, WIM CyxoH Gensou. IIpu B3aumojelicrBun c n-G6eH30XHHOHOM TeTpameTuui~- 
PHJICHTIMKOMbHOCHoOpUcTOH H AHpenuscociopucro# Kucnor pacTBOpHTe AMM 
Hy2KHJIM AMOKCaH UW AMSTHIOBbI sup. B pesymbrate peakuun oOpasyloTcA 
1 Eg aed BCULCCTBa, PaCTBOPHMbI€ B BOJHBIX PacTBOpax mleoyel, 
FOULHE XAPAKTEPHYt0 IBETHYIO PeaKUMI0 Ha PEHOJIbHbIM THAPOKCH C XJIOPHBbIM 
See M He MOKa3bIBalOllHe peak- 


H, XapakTepHbIX JIA KapOonubHOL Tecate 


yp. 
f IIpu rH] poulH3e NOJy YeHHbIX BeULeCTB Y.-. CNeEKTpbl MNOPTIOUWLeHHA MpOMUSBOQHbIX 
pIAHOK KuCIOTOH (1: 1) o6pa3yerca rH,pOxXHHOHAa 


HXPOXHHOH C BbIxo0M 70 80%. Ompl- 


PHHe CHHPTOBOH wemtOubIO Ipu 40—50° s 
\K2Ke IIPHBOAUT K OOpas0BaHUo rupo- Coequnenue : 
4HOHA (COOTBETCTBYIOlero emy tbeHOs- oe 

i) vu docdopxHoro coequnenus. Koumuye- ah 
BeEHHOe Oll|peseseHHe ComepxKaHuA THI- 

OKCHIDHBIX Ppyln, MyTeM ayeTHAUpO- HoO-<__\—oH 290 |3,4 

HHA YKCYCHBIM aHTHAPHOM B OpH- = 

HO— —OH 

TCTBHH IIMpHAHHA, NOKa3a0, YTO BCe Saba 320 | — 

JYUCHHBI€E COeCIMHEHHA comepxKar soon 

Ib MO OHOH THAPOKCHIbHOH rpyn- Te) 

. Jima ofHoro coeqMHeHHA, a HMCHHO OL AN EG eee 280 (3,7 
PJIYYeHHOrO H3 AuMeTHIcdoOcpopucTou 4 | 
HCJIOTbI H n-OCH30XHHOHA, ObluIa Mpo- : 
pylena peakiMa cC deHHJIM30MaHaTOM HO Y—0—P(OGLH,): 280 |3,67 
| BbIeeH COOTBETCTBYIOILHH deHHu- ahd 

eTaH. || ,OC(CH,)» 

Visyyenne cneKTpos mormomjenust Co- Ho-¢"_)-0-P CH ae eeu8 82 
[MHeHHH B ysbTpaduoseropol oOacTu a : . 
Hoke TOATBepwaeT, YTO MONYYeHHBIE 4, Z—y_o bony, 980 |3,66 
DCENMHEHUA ABJIAIOTCA 9*—HPaMH N-OKCH- —— 
SHU IdocpopHOu KuCIOTHI. B camo jle- 5 
¢ €CJIH Obl MIpOAYKTbI peaKUMH AMaJIKWI- cH, —<_Y—-0—P(OCHs)s 280 [3,69 
pCPUTOB C XHHOHAMH IipescTaBJAJIH Be 


hOoH apupbl ru_poxnHoHocdpuHKoOBon 

acnoTbl (1), TO B HX CMeKTpax CJleqOBaO Obl ORKUAaTb CMEMeHHE MAKCHMyMa 
PrIOMLEHHA B CTOPOHY Gosee WWIHHHbIX BOJIH NO CpaBHeHHIO C rH PpOXHHOHOM, 
AK 9TO MMeeT MECTO B Culy4ae, Hallpumep, 2,5-2HOKCHOeH3OMHOM KucsOTHI (**) 
iM HATporHypoxnHoHa (1°). Ecum xe MoyYeHHbIe HAMM COCAMHEHHA MOCTpoe- 
ol no Tuy abupoB n-oKcudenumpocopuol KucnoTsl (IV), To cmeqyeT omUAaTL 
heuleHue MaKCHMYyMa B CTOPOHY KOPOTKHX BOJIH, KaK B Cily4ae O-alleTHJIbHBIX 
DOMSBOUHBIX THpoxunonua (*”). ; 

_ Kak BuqHO u3 Ta6. 2, MAKCHMYM MIOPIOWeHHA MPpOAYKTOB B3aMMOeHCTBAA 
aNKUIOCOpHCTHIX KHCJIOT C XHHOHAMM CMeLIeH B CTOPOHY KOPOTKHX BOJIH 
coplajaeT C MaKCHMyMOM IIOrMOWeHHA MMMeTHJI-N-MeTOKCHpenuochara. 
cenHuit Obl HAMM CHHTe3HPOBaH H3BECTHBIM MeTOJOM (**), H CTpoeHHe ero 
BbI3bIBaeT COMHCHHA. 

Takum o6pa3om, pe3ysJIbTaTbI HCCEOBaHHA BENLeCTB, MOJYYeHHIX B3aHMO- 
ficTBHeM AMaKuspocpOpHCTHIX KHCJOT C N-OeHSOXHHOHOM (rHApoIHs C o6pa- 
BaHHeM THIPOXMHOHA, OTCYTCTBHE KapOOHHJbHbIX py, ComepKanHe ONHO- 
(PeHOJIbHOTO THAPOKCHsIa), MOKAa3bIBaIOT, YTO STH BellleCTBa JCHCTBHTEbHO 
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ob 


ABJIAIOTCA SpupamH cocchopHOH KHCJOTbI, a HMEHHO [\MaJIKWJI-N-OKCHeH HI 
cocdaTamMu 


HO—<__S—OP(OR)s. 


IKCNeEPHUMECHTAABHAA UACTS 


Tumetuanoxkcubenuagoc gar. K pacrsopy 5,5 r (0,05 mona) 
aumMeTusocopucrolt KucuoTE B 40 Ma Cyxoro MeTHJIOBOrO CIIMpTa OBO 1O- 
6aBleHO OKOO 1 Mi pacTBOpa MeTHJAaTa HATPUHA MH, NOCMe OXNAKIEHHA MOY 
yeHHoro pactBopa 10 0°, HeOombituMU MopunamH 5,417 (0,05 Moun) OeHSOXHHOHA. 
Peakunonnan CMecb 3aTeM HarpeBalacb B Teyenue |1/, vaca Ha BOLAHOM Oane, 
Tlo OKOHYaHHH peaKIMH METHJIOBbIM CIHPT OTTOHAJICA, IPH 9TOM OCTATOK KPH- 
ctasuu3oBaca. Ilocne aByX MepeKpucTamtiM3alH u3 BOLbI OblIO MOyyYeHO 
7,3 r (70,7% oT TeopeTuyeckoro BbIxoga) aiupa, T. Ma. 74,5—75,5°. 

Qbhbup PeuuAKapOamMuHOoBoH KUCHOTH (PeHuAype 
T au). Cmecb u3 2,1 r qumeTuu-n-oKcudennsdocpata u 4 MA eHUuIH30NHaHaT 
HarpeBalacb B Teyenve 10 yac. Ha BOAAHOH GaHe IpH 75—85°. OOpasoBaBuleec 
GeO KPHCTAMMHYECKOE BELLECTBO MPOMbIBaJIOCb N€TPOJIEHHbIM SPHPOM HW BAK 
bl N€PCKPUHCTAM3OBbIBAIOCh M3 OeH3oua, T. Ma. 120—121°. 


VuctutyTt HedrexHMuyeckoro CHHTe3a Tlocrynuso0 
Axayemuu HayK CCCP 25 XII 1959 
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Hoxnayp Akayemun nayx CCCP 
1960. Tom 132, Ne 4 


XHMHA 
Uaen-koppecnonzent AH CCCP P. X. ¢@PEMJIMHA, WAO Wu E. Wl. YYKOBCKAS 


B3AMMOAEHMCTBHE FHAPYACHJIAHOB C AKPHJIOHHTPHJIOM 
B TPMCYTCTBHM NEHTAKAPBOHNWJA JKEJIE3A 
WM XJIOPHCTOrO HHKEJIA 
Kak Opiio MoKa3aHo paunee (1), THIPHACHIaHbI B3aMMOgelicTByIT Cc HeTIpe- 


@JIbHBIMM COCIMHEHHAMM B IIPHCyTCTBHM MeHTaKapOoHHsa x%ee3a C OOpaszo- 
aHHeM MIpeWeJIbHbIX HM HEMPeeJIbHbIX COEHHEHHH MO cxemam (A) u (B): 


R’R’R” SiH + CHy = CHR—>R’R”R” SiCH2CH3R; (A) 
R’R’R” SiH + CHz = CHR—>R’R”R”SiCH = CHR, (B) 
qe R’R’R’” —cootpeTcTBeHHO aJIKM, XsIOp, 93TOKCHrpynna; R = aku, 


C,H;. IlpeoOmanqanve TOH WIM WHOM M3 STHX PeaKUN 3aBHCHT OT NPUpOsHI 
WJlaHa WU OIeHHA, a TaK2Ke OT YCJIOBHH peaKIHH. 

B HacTosujeHh paOoTe MbI HCCJIeLOBaIH peakKUHIO Mey THApHAcuanamu 
AKPHJIOHHTPHJIOM B IIPHCyTCTBHH NeHTakapOonuHa xene3a. Haunnaa c 
956 r. 3HaYHTeMbHOe KOJMYeECTBO paOoT NOCBHAIEHO peakIlMu THApPHACMNAaHOB 
akpusioHuTpHiom (°"11), B KayecTBe KaTaJIM3aTOpOB peakIMH NpHMeHAJINCb 
praHuyecKkve OCHOBaHHA, AMHJbI KHCJIOT, WwlaTHHa Ha yTvie, WwlaTHHOXJIOpUcToO- 
OopofHaa KucOTa, HUKeIb Panes. [lepekucu He MOryT ObITb HCIOIb3O0BAaHbI 
3TOH peak, Tak KaK BbI3bIBaIOT MOJMMepHsallMio akpHJOHHTpHa (°). 
OpraHuyeckne OCHOBaHHA H AMHJbI KHCJOT KaTaIM3HPYIOT TOJIbKO peakHIo 
PHXJOPCHaHa C AKPHJIOHHTPHJIOM HM H€aKTHBHBI B PeaKUMH MeTHJINXIOp- 
wulaHa ¢ akpusonuTpHiom (°-7). B NpucyTcTBHH MaTHHOBbIX KaTaJIM3aTOpOB 
HuKeIA P3Hed MeTHJIQUXJIOpCHaH pearupyeT C AKPHJIOHHTPHJIOM, OHaKO 
[pH 3TOM OOpa3syeTca cMecb a- H P-MeTHAAUXJOPCHAMINpONMOHHTpHIOB. 
_ Hoggaxypa u Konortcyne (?) moka3auiv, YTO MO], BAMAHHEM Pa3JIMUHbIX Ka- 
@IM3aTOPOB WHaHSTHJIMpOBaHHe TPUXJIOPCHaHa OCYIMECTBIAeTCA MO Pa3HbIM 
jalpapieHuam. Tak, B CTCKJIAHHbIX TpyOKax B IIpuMCyTCTBHM KaTasMTHYeCKUX 
(OMYCCTB upHsANHa OOpasyetca P-TpuxJOopcHHIMponMonUTpH. B stux xe 
‘CIOBHAX B ABTOKJaBe OOPa3yeTCA O-TPHXJIOPCHJIMJMPONMOHUTpH. ITO cBA- 
aHO C OOpas0BaHHeM B ABTOK/aBe TeTPaNHpPHAMHHUKeMbXJOpHa (3a CueT 
eaKUHN TPHXsOpCHaHa C MeTAaJIJMYeCKOM CTeHKOM aBTOKJaBa). Takum oOpa- 
OM, @CIH WHAHSTHMpOBAaHNe TPHXJOPCHsaHa MOXKHO HaMpaBHNTb Kak B CTOPOHY 
OpasoBanua P-TpuXJOPCHJIMAMPONMORUTpHa, TAK HM G-H380Mepa, TO B Cilyyae 
ACTHJIUXIOPCHIaHa BO BC€X H3YYCHHBIX NO HaCTOAMero BpeMeHH yCJIOBHAX 
Opasylorca cmecu a- Hu P-H30MepoB. 

Hamu w3yueno B3aHMogelicTBHe MeTHJTMXOpCHaHa H TPHSTHCH ana 
aKPHJIOHHTpHJIOM. Peakiua MpOBOAHacCh B aBTOKAaBe U3 HepxaBeloulel 
TAM WIM B 3aMaadHHbIX CTCKJIAHHBIX amMyiax mpH 120—150° B orcytcrBne 
[06aBOK WIM B IIpHCyTCTBHH MeHTakapOoOHHIa %*esesa, XOPHCTOTO HUKeWA, 
‘mecu O6eHX WO6aBOK; NOMyUeHHble PesyJbTAaTH! CBeeHbI B TAGs. 1. Kak BugHo 
3 Ta6m. 1, B OTCyTCTBHe 06aBOK PeakIIMA He HeT (OMBIT 6); IpH 1o6aBjeHnn 
JHOFO XJIOPHCTOrO HUKeJA PeaKIHA Tak%Ke He HMeeT MCCTa (onbiTH 7 vu 10). 
PHSTHJICHIaH He pearupyeT C AKPHJIOHHTPHJIOM B NpHCyTCTBHH MeHTakap6o- 
yula 2%Kese3a B aBTOKaBe (onbiT 13). Meru quxsopcuan He pearupyeT C akpu- 
OHHTPHJIOM B IIPHCYTCTBHH MeHTakapOonwua %eTesa B 3allatHHOM CTCKJIAHHON 
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Ta6Oaunma 


S = 2 ; 4 
o°ns & 

i] Og Ose 

5 Cuan aS a8 PeakWHOHHbIN cocyy Jlo6anKku T-pa, °C x E 

5 Sous aE 

Z ZEs& 2 O° 

Se ee eee 

1 CH3SiCl,H 2:4 | ApTokmaB u3 He- Fe(CO); (4 ma) |140—150| O 

p2KaB. cTasu * . 

2 To xe 1:4 | To xe Fe(CO)s (4 ma) |4140—150] 12 

3 To xe 4:2 | To xe Fe(CO)s (4 ma) |140—150| 39 

4 To *e As= 39) slowere Fe(CO)s (1 ma) | 140—150} 46 

5 To xe A Sele loOesKe Fe(CO); (1 ma) |140—150} 42 

6 To xe TsO Oe Bes 200aB0K 140—150} O 

i To xe 4:3 | To xe NiCl, (0,15 1r) |140—150} 0 

8 To xe APS | LOmKe _ Fe(CO)s (4 ma) | 120—130| 60 

Ni@ls ee O}45in) a 
9 To xe 4:3 | Samaau. cTeks. +Fe(CO); (0,2r) |140—150} 0 
amnlyvia ** 

10 To xe 1:3 | To xe NiCl. (0,4 r) |140—150} O 
11 To xe 123-1 To xe Fe(CO)s (0,2 ma) 

NiCls (0,4 r) |120—130} 56 

42 (CH5)3Si 1:3 | AprTokmaB u3 He- Fe(CO)s (41 ma)+] 120—130] 73 
poKaB. cTamu * +NiCle (0,15 r) 

13 To «xe sl Ge) To x*e Fe(CO),; (1 ma) | 140—150} 30 

1 To xe Fe(CO); (1mm) |140—150} 4 


14 CHsSiCl,H *** 2 


. | * ONbITBI MpOBeAeHbI B MOJYMHTPOBOM BpalllaiouleMcA aBTOKaBe C 3arpy3KaMU CHJla- 
Ha WU akpHuonuTpHia 200—300 r, cunTad Ha cMecb peareHToB. Bo3qyx H3 aBTOKJaBa BBI- 
TeCHAJICA a30TOM, Tlocwe uerO a30T BBOAMJICH B aBTOKaB JO JaBmenua 30 at. Ilpogzom«u- 
T@JIbHOCTh HarpeBaHHA BO BCeX OMbITaX 5 yac. 

** OnbITbI TIpOBeweHbl C 3arpy3kaMH cuaHa 17,2 ru akpuwoHuTpuna 24,3 r. IIpogon- 
XKUTEMbHOCTh HarpeBaHuA 5 ac. 

*** Deakuud Beach B IipHcyTcTBHH 150 Mia alleTOHHTpHua. 


amnyuie (OlbIT 9), HO B TeX Ke YCJIOBHAX IPH MpOBeeHHH OMbITOB B aBTOKIaBe 
MMeeT MeCTO OOpas0BaHHe Aa yKTa, BbIXOJ| KOTOPOFO yBeJIMYHBAeTCA C YBeJIH- 
qeHHeM H3O0bITKa AKPHJIOHUTpHa (ONbITE! 1—5). Stu WaHHbIe NO3BOMIM Mper- 
NOJIOKUTb, YTO PeaKUHA OCYULECTBJIAeCTCA B YCJIOBHAX, KOra KpoMe KapOonua 
*Kee3a B CMCCH IPHCyTCTBYIOT CJIEMbI COUCH TAXKEJIIX METAIOB, OOpasy!ouluxca 
Ha CT€HKaX aBTOKaBa MO JeHCTBHeM XJIOPCHsIaHOB. 

J{eHCTBUTeIbHO, IPH OMHOBPeCMeCHHOM IIPHCYTCTBHH HeOOJIbUIMX KOJIMUeCTB 
MenTakapOonusa *Keslesa MH XJIOPHa HHKeIA AKPUNOHUTPH Mpucoe_uuAeT 
KaK MeTHJIJMXJIOPCHaH, Tak HM TpHoTHICHIaH. PeaKuMH TeKyT OMHAKOBO 
XOpOlO KaK B aBTOKJaBe (oMbiTH! 8, 12), Tak HM B 3aMaadHHbIX aMMysax 
(onpit 11). [Ipucoequnenue MpHBOLNT K a-MeTHJIQUXJIOPCH IM ANpOnMOnUTpPHAy 
(CHsSiClzCH(CHs)CN) B cayyae MeTHIMXJIOpCHaHa UK o-TpHSTHICH AM 
mpomMonutTpHy ((C2Hs)sSiCH(CHs)CN) B cayuae TpustTucunana. To-Bugu- 
MOMY, JelCTBHe HalieHHOrO HaMM CMEIaHHOrO KaTaM3aTOpa HallpaBsaer 
peaKIMi0 MO HOHHOMY MeXaHu3My. B moub3y STOFO B3TIAa MOXKHO MpHBeCTH 
CeLyIOulHe MOBO: a) peaKIMA UeT TOJbKO B MPHCyTCTBUM U3ObITKAa aKpH- 
JOHUTPU1a (OMbITHI 4—5) uM B Cpeze Apyroro NomApHOro pacTBOpHTeA, Ha- 
MpHMep aleTouuTpuua (onpit 14); 6) HeoOxoquMo yuacTue xMOpucTOrO HUKeNA; 
B) OOpasOBaHHe a%-H30MePOB OObIMHO CBASBIBAIOT C HOHHBIM TeYeHHeEM PeaKILHH 
IHaHSTHJIMpOBaHHA THApPHACHMAHOB (°). 


OKCNePpHMECHTANbBHAA YACTH 


Iipwpoqum onucanne ombiTos 8 uw 12 w AoKa3saTebCTBa CTpoenusa NOwy4eH- 
HbIX AJULYKTOB. 

PeakKUHA ME€THAMUXNTOPCHMAHA C AKPHNOHUTD EE 
1OM B MpUCyTCTBHH Fe(CO)s u NiCle (onnit 8). B nonynutTpospit 
BpalllaioulHuCA aBTOKMaB M3 HepKaBelomleH craw momMeujeno 115 r (1 mow) 


450 


| 
eas 
HHsSiCleH, 160 r (3 moma) CHe = CH — CN, | ma Fe(CO)s u 0,15 r NiCh. 
D3qyX H3 aBTOKaBa BbITeCHeEH a30TOM, MOCJe 4ero as0T BBETeH MO LaBeHuA 
| atm. IJocue 5 vac, Harpepanua mpu 120— 130° peakuwonnaa cmecb (paxk- 
MOHMpOBaHa B Bakyyme. Tlonyueno 102 r (60% or Teopun) &-MeTHJIAUXJOp- 
iIMIMpomMoHMTpHna (I) c T, Kum. 59—60° np 1 mM; ni 1,4490; a2? 
\1635. Hatzeno MR 38,74, naa C,H,SiCl,N Bpraucseno 38,62. Hatigeno %: 
| 17,21, 16,88. Brrancneno % : Si 16,71. TutTpoBanuem 0,1 N NaOH uaiizeno %: 
42,49; 42,41. Ina CaH,SiCleN sprancaeno %: Cl 43,17. 


JloKa3aTebcTBO CTPOeHHA aJLyKTa OCyMLeCTBEHO 10 H3BeECTHOL Cxeme (oa) 
: | 


4 O 
0,1NNaOH 
CH2SiCIs,CHCN —- CHsSi — CHCN ++ 2HC1; (1) 
| | 


CHs O CHs 
| 
(1) 


CHgSiCl,CHCN + 3CH3MgJ — (CHs)3 SiCHCN ++ C,H;CCHs3; 
| (2) 


I 
CHg CHg O 


C,;H;CCH3 + NH:NHC,H3 (NOs)2 => C,HsCCHs 
(2’) 


| I 
O N= NHC,H3 (NO2)s3 


CH,SiC]2,CHCN ++ 2CHsMgJ — (CHs3)3 SiCHCN; 
| | 


3 
CHs CHs (°) 
40% KOH 
(CHs)3 SiCHCN——-> (CHs)3 SiOSi (CHg)3 -+- CHsCH2COOH; (4) 
CHs 
(II) 
CHsCH2COOH + NH,NHC.H; + CHsCcH2,CONHNH (4’) 
| 
CegHs 


Tak kak upH wpoBesenuu peakuuH (2) He Obl oOOHnapyxeH 
CH3)3 SiCH,CH,CCHs;, a mpu mpopenenun peakunu (4) He oOpasoBasacb 
| 
O 


wenota crpoenua (CH3)3SiCH,CH,COOH, To orcyrcTByeT fake mpnMecb 
-MeTH Ji UX JIOPCHJIV IMpONMOHUTpHa. 

B cnekTpe KOMOvHalMOHHOrO pacceAHHA TPUMeTHVJICHJMJIIpONMOHUTpHAa 
MeeTca uactota 2212 cm?, a BU.-K. CleKTpe STOrO BelllecTBa NoOOCa MO- 
nomeHua 2205 cm +--+ 10 cm, xapakTepHan JVI &-HHTpHJOB *. 

Tlonyueuue a-TpuMeTHICHANANpONNoHUTpH aa. Ms 16 r (I) 
pH MeTHMpoBanun peakTuBoM [’punpspa, upurotTopsenubim u3 4,8 r Mg, mo- 
yueno 8,8r (70% or TeopHy) &-TpuMeTHICHMIMponMoHMTpHsa (II), c T. Kun. 
1,5°/20 mm; ni 1,4245; dj° 0,8303. Hatigeno MR 39,14; ama CgHy,SiN 
prunceno 39,09. Jluteparypuple fannie (2): np 1,4232; dy 0,8254. 


Haiineno %: C 56,64; 56,55; H 10,47; 10,37; Si 22,08; 22,39 
CsHi3SiN. Brrunceno %: C 56,63; H 10,30; Si922505 


* CnekTpbl Obl CHATHI H MHTeplipeTupoBaHsl JI. A. Jletitec (Auncturyr opraHuyeckor 
imuu AH CCCP), 3a ¥TO aBTOpbl BbIparkaloT eli HCKPeHHIOIO 61arofapHOCTb. 
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IIpu MeTusupoBaHHu U30bITKOM peakTHBa [puubapa Kpome lpoyyKta 1 


losyueH MeTusmstTusKeToH, T. Ku. 80 — 82°, ny 1,3885. JIutepatypuple nau 


ube (12): T. Kun, 79,6°; np 1,38071 (*,°). ; 

Keron nugeutucbuuupospan B Buse 2,4-quHuTpopenusruApasona, T. Il. 115 
(v3 crupta). Haiineno %: N 23,26; 22,92. [Ina CioH120aNa BBIUMC IE 
no: %: N 22,21. JIuvepatypubie anupie (1?): T. mut. 117”. i 

IlesounohH rugqpomu3 TpuMeTHACHANANPONHOHUTPH Ia 
Bemecrtso (II) kunatusocp 7 vac. c 45% KOH. B pes3yspTate none 
cnenyioue Bemectsa: (CHs)3Si—O— Si(CHs)3 ¢ T. kum. 99°, np 1,3740 
ad 0,7656. Hafizeno MR 48,42; zna CyHygSi,O Bprucseno 48,89. JInurepa 
TypHbie fannie (2%): nf 1,3792; dz 0,7638. 


Hatineno %: C 44,43;. 44,31; H 11,37; 11,91 
CgHisSigO. Briuncneno %: C 44,38; lint Ugh Alyy 


2. CHsCH2COOH cr. Kun. 141°, n29 11,3871. JIureparypupie jannpie (*) 


T. kum. 141°, n3? 1,3874. KucuoTa ufexTHpulMpoBana B Buse ceHuuruapa 
3Hnla, T. m1. 153—155° (u3 Senora). Hatieno %: N 16,68; 16,57. C,HizNeC 
BpluucueHo %: N 17,06.- JIutepatypubie qannpre (7): T. ma. 155—156°. 
PeakKUHA TPHITHACHMAHA C AKPHJIOHHTPHAOR 
B IpucytctBuH Fe(CO)s u NiCle (onpr 12). Ombir npoBezen, Kak 
B culyyae MeTHIguXJopcHiana. M3 87 r (0,75 mowa) TpusTHcHnana, 132 1 
(2,5 moa) akpuionntpua, 0,5 ma Fe(CO)s u 0,2 r NiCle momyueno 92 1 
(73% oT Teopun) BelecTBac T. Kun. 97 —98° npu 8 mM. Iloce noBTopHo! 
meperouku np 1,4525; d;° 0,8634. Haligeno MR 52,95; aa CyH,,SiN Ber 
qucseHo * 52,88. 
Hatigeno %: C 63,77; 63,49; H 14,38; 11,33; Si 16,83; 16,85 
CoHygSiN. Brruucneno %: C 63,85; lat Als evihe Si Gta 


IIpu meso4uHOM ruypomM3e, MpOBeeHHOM aHaJIOTHYHO OMHCaHHOMY BbILEe 
NOJYYeHbI TeKCasTHJIHCHOKCaH HM MpOMHOHOBaA KUCJOTA. 

B u.-k. cCieKTpe JaHHOoro coeqHHeHHA UMeeTCA NoMoca 2205+-10 cm™? 
XapakTepHaad JIA O-HHTPHJIOB. 


VMuctuTyT 9eMeHTOOpraHuyeckux CcoOeHHeHHIt Tlocrynusno 
AxkayzemMuH Hayk CCCP 20 I 1960 


WHMTHPOBAHHAS JIUTEPATYPA 
1p. X. @peH#aAnununa, E. UW. GyxospcxKxaa, ao WV, WAH, 127, 352. (195m 


2S. Nozakura, S. Konotsune, Bull. Chem. Soc., Japan, 29, 323, 326 (1956) 
*I.L. Speier, R.Zimmerman, J. Webster, J. Am? Chem Socvssome 
(1956). 4A. 7. Metpos, B.M.Byosun, H3s. AH CCCP, OXH, 1957, 149f 


- Prober, C. D. Cooper, @p. mar. 1116726, P)KXum., 1958, 47712. © J.C. Saan 
at. CIA, 2860 153, Hon6pp 11, 1958; Chem. Abstr., 53, 9060(1959). 7J.C.Saan 
L. Speier, J. Org. Chem., 24, 427 (1959). ®&®L. Goodman, R. M. Silvers 
ein, A. Benitz, J. Am. Chem. Soc) 70" -o07on (gor): *L. Goodmag 
A 


Pre eal 
on 


~M Silverstein, J-N. Shoo lery, Jo AnmeChen. Socem7same4oe (1956 

-]l. Tetpos, B.® Mupouos, B.M. Bayospun, C. HW. Canux-S8ane 
Miss. AH CCCP, OXH, 1956, 257. = B.M. Baosun, Jiucceptanua, Mucr. opr. xm 
AH CCCP, 1957. ™ Handbook of chemistry and physics, 1, usg. 37, crp. 118, 814 (1955- 
1956). ®K. A. Ana pHuauos, Kpemuntioprannueckue coenuHenun, M., 1955, erp. 41: 
“4B. ® Mupouos, E. YW. Hukxkumun, Use. AH CCCP, OXH, 1958, 1080. 


* PacueT BeJica C MpMMeHeHHeM HHKpeMeHTOB rpynn, mpesnoxennnix B. O. MupoHos 
wT. MW. Huxnmwunsm (14), 


152 


Jloknann AKkanqemun Hayk CCCP 
1960. Tom 132, Ni 4 


XHMH A 


M. ®. INOCTAKOBCKHH, E. NN. TPAYEBA u JI. A. KAIOTEHKO 


CHHTE3S UW MPEBPAIEHHUA ; 
TPHAJIKMJICHJIMJISTMHYWJIBAHHJIAJIKUJOBbIX I®HPOB 


(ITpedcmaeszexo axacemuxom B. A. Kasanckum 8 I 1960) 


| CwHTe3 Ha OCHOBE AMal[eTHJIeHa OTKPbIJI LWMPOKYIO BO3MOXKHOCTb MOuyyaTb 
eVIBIM PAT STHHWBUHMMAIKHJIOBLIX SPUPOB, OONamaloulux SOLON peaKUHOH- 
lp cmocoOuocTh1w. Uimpoko ucceqoBaHbl pa3sIMUHbIe PeaKWWMH C STHHHWIBHHMI- 
WIKMJIOBLIMH SPupaMu B padoTax TepGeptca ('), PpanKa (*) M Apyrux uccwe- 
Ippatenel (°-”), B KOTOPbIX OMMCbIBaIOTCH CHHTE3 H B3aHMOJelCTBHe HX CO CIup- 
4M, KETOHAMH, MepKallTaHamu. J[HaleTHJIeH M erO MOHO3AMELILeHHbIe OOpa- 
yIOT COOTBETCTBY!OUINe MarHHhOpomipousBoguple (81°), B3anmMoyelicTBHe KO- 
PIX C Pa3sJIMYHbIMM KapOOHHJIDHBIMH COCAMHEHHAMH MW YIVICKHCJIOTON OMMCAHbI 
| muTepatype (1*). Panee (?”) mpl u3yuasIu B3aHMOyeHCTBHe AMalleTHIeHa C TpHaJI- 
WJICHJIAHXJIOpHAaMH TO Cxeme: 


Nes colt cn ace C2 CH Ce re 


- RSiC== Ca G) = 6 SiR. (1) 


opHos uw Me (1%, 14) nomyuniM MarHHHOpoMnNpon3sBOAHOe 3STHHHJIBHHUJIMETH- 
OBOFO H 3THHHJIBHHUJISTHJIOBOrO SHPOB H KOHJCHCHPOBAJIH UX C JH3ITHJIOBbIM 
(DHPOM YFOJIbHOM H C YTHJIOBLIM SPHPOM OPTOMYypaBbHHOH KUCJIOT. 

[lembio HaCTOMMerO HMCCIeCMOBaHHA ABJIAeCTCH UM3yYeHHe B3aNMOReHCTBHA 
IHHHWJIBHHUAIKHJIOBLIX SMPOB C TPHaKMJICHMaHXOpHyaMH. CuHTes Tpuas- 
WCHJIMJSTHHWIBUHMAIKYAOBEIX 2XPHPOB OCyILecTBIAIH Yepes Mg-opraHu- 
€CKO€ IPOH3BOAHOE, MOJyyeHHOe HE B pacTBope TeTparugzpodypana, Kak y J[op- 
copa uw Mule, a B CepHomM 2c:pupe 


C.HsMgBr -- HC = C— CH = CHOR = BrMgC = C — CH = CHOR; (2) 
BrMgC = C— CH = CHOR +R;SiCl = RsSiC = C—CH=CHOR+MgCIBr. (3) 


Tlowy 4eHHble TPH aJIKHJICHIMISTHAWJIBAHHIOYTHJIOBbIe SUPbI O XHMHYECKUM 
IBOHCTBAM HANOMHHAIOT STHHMJIBUHHJIAIKHJIOBbIe SPUPbI, HE CORepxKallHMe KPeM- 
wii (OHM TakxKe JlerKO rH~pomusyroTca 2% H,SO,), HO uMeIOT H CBO OCOOeH- 
ioctu. [uqpom3, UpoBeweHHbIli C WebIO WOKAaSAaTeMbCTBA CTPOeHHA TPHaI- 
IHJICHJIVJISTHHVJIBAHHJIaJIKHJIOBbIX 2PHPOB, MOKa3avl, YTO MIpH 9TOM HeT pac- 


elenve mo Si — C-cBa3H . 


Wz 
(Has Si0Si (CHs)p + 2CH SC — one 
H 


2(CH3)3 SiC = C — CH = CHOR 


2 


6pasyioututics B pesysbTaTe peakiun OyTHH-l-ab-4 u3s0MepH3yeTCA B TeTpO- 

OBbIH aJIberHuy: . 

Va 

9HC=C—CHC = 2CH,C=C— 
NS 


H 


S 
ma Nis 
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B oTmmune Of STHHMIBHAMaIKHJIOBLIX SiupoB, He Cosep2Kalllux KPeMHHH 
TPHAIKMJICHIMISTUHMIBUHMIAIKHJIOBbIC SPUPLI He THAPHPytoTca Hal PtO,: H, 
una Hal Pd, ocaxkeHHBIM Ha CepHOKMCJIOM KaJbiuM (7°), a THAPHpyloTc 
JIMIb Haq cmecbio 2% Pd/CaCO, u 5% Pt/C. CrynenuaTbiM rHuApHpoBanHe 
nowyyen TpuMeruscHIMs-6yToKcu-4-6yTaquen-1,3 


(CHy)s SIC = C— CH = CHOR —, (CH), SICH = CH — CH — CHOR: 


IIpu KOH_eHCalMH MOCeqHerO C MaJICHHOBbIM aHTH]PHOM oOpasyeTca ayKT 

(A) c noceqyrouuMm oTuLeneHHem (*°) OGyTHIOBOrO CIHpTa H TPHMeTHJICHaHOMa, 

KOTOPHIi B YCJOBHAX PeaKIMH aeT TEKCAMETHIMCHIIOKCAH. | 
YerTaHoBeHO, TO aMyKT MpemctaBiseT coOoH dTaseBbid aHrHypH. 


i 


CH — 
(CHs)3 SICH = CH — CH = CHOCyHy + | 


CH 
= OC,Hy = 
HC a 5 
He NCH —c@ q \o- penen 
we Re) ! | EP RES | SO ++ 2CHyOH + (CHs)p SiOSi(CH)s. 
HOU, Cae Ce C= 
< \H eG 


§ (CHs)s 
(A) 


Kpemuulicofepallw STHHYJIBHHHJIOYTHOBbIM spup pH HarpeBaHH 
‘¢ OyTaHOJIOM 6e3 KaTaIu3aTOpa, a TakxKe B MpucyTcTBuH 1—2% wmenounor 
HJIM KHCJOrO KaTaH3aTopa He JlaeT alleTaa TpuMeTHICHAIMNOyTUH-l-ana-4 


QIKCNeCPHMECHTAALBHAA WACTH 


CuHTe€3 JTHHHABHHHAOYTHAOBOTO XHupa. B kpyr 
JOQOHHY!O KONOOUKY, CHaO*KeHHy!O MeliaIKOH Hu OOpaTHbIM XOJOMJIbHAKOM 
momectuin 2% cnupToBoH pacrsop KOH. Cuctremy npogxysaiu cyxum 22070 
mocyle yero MpOnycKasIH B PeaKIHOHHY!0, CMecb, HarpeTyt1o 20 70—75°, znaue- 
THJIeH C TOKOM asoTa. TJoce OKOHYaHUA Peak CMeCb MPOMbIBasIH 3 — 4 pasa 
BOOK, CYIIMJIH MpOKaJIeHHbIM MOTaWIOM H NeperoHauH B Bakyyme. Xapaxte- 
PHCTHKA NOJYYeHHDIX STHHHJIBHHWJIOBLIX H TPHAaJIKWJICHIMJISTHHHIBUHUI- 
OyTHJIOBLIX S*pupOB WaHa B Tabs. |, i 

Ta6auna 1 


uAe Nien BHqucneHO, 
Haspanue supa Gases nw a2 g 3 : és 
°C/MM D 4 2 2 
a Zz (@} H Si (@; H Si 
x Q 


OTHHHJIBUHH OYTH IOBbI 4 
acdup * 61,5°/12 | 1,4712 | 0,8664 | 40,04] 38,16] 77,4 9,70) — 77,36} 9,85] —§ 
T pHMeTHJICH IHJISTHHUJIBH- 
HHJOYTHJIOBbI sdup 110—112°/15) 1,4695 | 0,8589 | 63,73] 63,68} 67,05] 10,23] 14,12) 67,28 10,27] 14,30 
T pHSTHJICH IM ISTHHUJIBH- 
HHJOYTHJOBLI sup 105—106°/7 | 1,4895 | 0,8886 | 77,10] 77,571 70,40] 10,90] 41,82 70,52; 11,04| 11,78 


* Kpome adupa BblyeueH alletap. 


CuuTeS TPUMCTHACHANTSTHHUABHYHUAOYTUAO- 
Boro 9@upa. (CHs)sSiC =C—CH = CHOCiHy. B tpexropnolt Kon6e 
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MelUaIKOH, CHaOKeEHHOH XOOQUAbHHKOM, KanebHOli BOPOHKOHM HW TepMO- 
TPOM, NOJTYUMIH STHIMarHHHOpomuy u3 2,9 r maruua u 13,1 r CoHsBr. 
OxaxKeHHOMy Jo —10° sTHimMarnuiOpomuyy mpukaniBanu MpH KoMHaT- 
M TemilepatType WH NepemelliMBanuu 14,5 r sTHHHABAHUAGYTHAOBOrO Supa. 
€Cb NepemeluBasu mpu 20° 4—5 yac. u3atem npHOaBuu no Katinam 13 Pr 
MMECTHJICHIaHXOpuga. Uepes vac peaKIMOHHy!O CME€Cb OCTABHIH Ha HOUb, 
a CleXYIOULMH JeHb peaKIMOHHYIO CMeCb NepememmMBasH ee 3 uaca, 3aTem 
aOK OTHUILTPOBaIH u uNbTpaT MeperHasuM B TOKe agora. IIpH meperonKe 
nesenbt ppakuun: I) 24—38°/14 mm; II) 110 —112°/15 mm. 
@pakuua I mpeycrapiser coOolt He BomeMMIMi B peaKIMIO TpuMeTHACHMaH- 
Op, CerKa 3arpA3SHEHHbIM MOJYYCHHEIM TPHMeTHJICHJIMJISTHHYIBUHUI- 
THJIOBLIM SPHPOM. 

Mpaxuna II] —13,6 r (Bprxog 50,7%) TpumetuncunumsTHHHABMHMIOyTH- 
BHI acup, T. Kan. 110—112°/15 mm, n‘$ 1,4695; d%° 0,8589. MRp naii- 
HO 63,73; BEIuHCeHO * 63,68. 


HatigzeHo %: C 67,05; H 10,23; Si 14,12 
Cy,HyoOSi. Brryucseno %: C 67,28; H 10,27; Si 14,30 


B aHaJOrHuHbIX YCJIOBHAX CHHTe3HPOBaIH TPHSTHJICHIMISTHHMJIBUHUA- 
[THJIOBbIH sup c BbIxogom 52,3%, T. Kum. 105—106°/7 mM, n° 1,4895; 
> 0,8886, MRp ualiqeHo 77,16, BeruncieHo 77,57. 


Hatigeuo %: C 70,40; H 10,90; Si 11,82 
CysHogOSi. Beruncteno %: C 70,52; H 11,01; Si 11,78 


Tugpoaus3 TPHMCTHACHAHASOTHHHYABHHU NOY TH- 
BOrO 9@upa. a) B xkou6y, emxoctbio 200 ma, c 25 ma 2% H,SO,, 
ma NaHSOs momecTuiu TOHKOCTeHHY!IO amMlyJy c Hapeckow 0,1 —0,2 r 
upa. B 3akpbITOH KOIOe CHJIbHbIM BCTPAXHBaHHeM Ppa3s0NJIM HAaXOJAllywca 
[yTpH aMNyJIKy C 9upOM H OCTaBHM peaKIMOHHY!O cMecb Ha 30 mun. He 
opearupoBaBlInH c ambyerugom NaHSOs orrutposBamu 0,1 N pactBopom 
ma. Tugpomm3 mpowen nwa 74%. TprstTuicHiMuiaTHHHJIBUHMIOyYTHOBbIT 
Mp THIpomM3yeTCA B BbILeOMMCaHHbIX YyCJIOBHAX Ha 79,5%. 

6) 3 r TpuMeTuCcuAMISTHHHABUHUAOyTHNOBOrO apupa, 10 ma 2% HeSOa 
;PeMelUMBasM MpuH HarpeBaHuu Jo 50° | yac B koMO04"Ke, CHAOKEHHOM OOpar- 
jm XOJIOMMJIbBHUKOM, MelllaIKOM MH TepMomMeTpoM. K peaKWHOHHOH cmecu 
|pacTBOpe STaHOa MpHOaBHJIH CBe*KeMNPHFOTOBJeHHbIM pacTBop, 2,4-qHHUT- 
fbeHuIrngpasuHa. Cmecb OCTaBHJIN Ha HOUb. SaTem OTHUbTPOBaIH NOyyeH- 
i 2,4-7MHUTpOeHHITHApasonH HM MepeKPHCTAaMIM30BaIH erO U3 STHJOBOTO 
tupta. Ilonyuusu 2,4-quHuTpomenurvyzpa3sonH TerTposoBoro abmeruga c 
int. 135°. JIurepatypupre Januple (1’): T. nap. 136° aaa 2,4-nnHHTpodeHu- 
Ipasona TeTposoBoro ambgeruga. IpoOa cmewienuaA pempeccuu TemMepartypbi 
(aBJICHHA He awa. 

| AyanutTuyeckve JaHHble rujpasona: 

| Haiineno %: C 48,25; 48,17; H 3,32; 3,25; N 22,36; 22,62 

) CyoHgN4Ou. Brruncaeno %: C 48,39; Hl 3,24; N 22557 


|\CTynenuaToe THAPHPOBAHHEeE TPUMETHACH ANI 
VHHIBHHUAGOyYTHAOBOr OFMUp a. B sytky» AA PupHpoBa- 
iq HomectuH 4 © abupa B MeTaHOve MU CMeCb KaTamusaToposB 2% Pd/CaCOs 
ip% Pt/C. Burrecuusu BOo3Lyx BOMOPOAOM, M HavaOCcb TAAPApoOBaHHe. 
bene normoulenua 540 ma Bogopona (22°, 743 mm) ruypupoBanue MpepBain. 
OpeTHYECKH B STHX YCJIOBHAX MOJHKHO MOPIOTHTLCA 510 ma Bomopoga. Ka- 
W3aTOP OTPUIbTPOBaJIM, METAHOJI OTOrHAIH M MOMYYeHHEIM MpOLykT noy- 
DrIM pa3rouke B TOKe a30Ta. BpifeseH MpOdykT T. Ku. 88 — 89°/7 mM, 
1,4580; a2 0,8532. MRp naliqeno 63,45, BpiyacteHo 63,52. Brixog 


'% (2,28 r). 


* MosekyiApHaa pepakiuaA BbIYHCIIeHa C yYeTOM rpymnmosoh peppaxunu —C==C—C=C, 
sHOH 3,8. 
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Kougeucanusa (CHs)sSiCH = CH —CH = CHOCGsH, ¢ Mane 
HHOBHM, @Hr Bp. Dome Lo TpHMeTHJICHIMA-1-OyTOKCH-4-6yTa- 


quen-1,3 (rt. kum. 88—89°/7 mm, nj) 1,4580) momectuM B Koby, CHaOKeHHY 
OOpaTHBIM XOMOLUIbHAKOM H TEPMOMETPOM, IIPHJIMJIM pacTBOp 2 T MaJIeHHOBOrG 
aHTHgpuga B 50 ma Gens01a. Pasorpepanusa He HadmoLavn. Cmecb HarpeBaJn 
Ha BOJAHOM OaHe B TeyeHHe | Yaca, 3aTeM OTOrHAaJIH O€H3O/, a OCTATOK Tepe: 
rHasu. Bugenenst dpakunn: I) 96 —99°/25 um, II) 156 — 162°/25 mM. 

®Mpakuna | — He BOWEN B PeaKIMIO MaJICHHOBbIM aHTHApHy. Tlocae 
nepekpuctasausaiun ppakunu II us nerposetuoro supa Nonywiiu 0,27 © 
amlykta (BbIxon 25,7%), T. Hut. 130°. [Ipo6a cmewienHa Nosy 4eHHOrO alyKTa 
c *raeBbIM aHrH{pHyOM Lelpeccuu TeMMepaTypbl WwaBeHHA He MMewa. 


Viucruty?T opranmyecko xumun um. H. J. SenuncKxoro Tlocrynuso 
AxajemuH HayK CCCP 24 XII 1959 


UMTUPOBAHHAA JIATEPATYPA 


iT h. Herbert s sBer, 25.5475 (1952), 2 We Fr amie sk Ketan uae 
Ber., 86, 793 (1953). *®W. Franke, K.Sceman, I[lat. ®PI 871006, 1953; Tepn 
maT. 601822, 1952. 4A. Anertaln R.- Stadler, 1,°Zbl>, 2255) (1935)-55V 
Young, Zbl., 7844 (1954). 5M. ®. WoctaxospceKxukh, A. B. Borganord 
lr. K. Kpacuabuuxosa, JAH, 114, 1250 (1957), ®M. ®. WloctaxoBcKHg 
A.B. Borpzanosa, fF. YW. Marotrnuxkospa, AM, 120; 301 (9538)) SA Dias 
now, F. Ische, Angew. Chem., 67, 653 (1955). ®& H! H. Schlubach, V. Frag 
sen, Lieb. Anns; 572) 116 ((1951).= 2 L. B: Armitage, Nae nt wails tlicmetmam 
J. Chem. Soc., 1954, 147. 49M. Nakagama, J. Japan. Chem., 4, 564 (1950); Proc 
Japan. Acad.,.'26, 38 (1950)) 1 2 -FoStraius,)) (Ls Kollek, W-Siety n)e Berrues 
13, 1868, 1886 (1930). @M. ®. HloctaxoscKkun, VW. A. Wlinxues, JI. Ay Kee 
wo TeHKO, JJoxn. AH Asep6CCP, 15, 21 (1959). %A. Dornow, F. Jsche, Ber., 89 
870, 876 (1956). 4A. Dornow, F.Ische, Angew. Chemie, 67, 305 (1955) 
1M. @O. Wloctaxkosexkun, A. B. borganosa, ~l. Ko. Kpacums mae 
koBa, Apr. cayg. Ne 117659, 29 IV 1958. 16 W. Fleig, Lieb. Ann., 568, 1 (1950) 
” J. Lunt, F.Sondheimer, J. Chem. Soc., 1950, 3365. ; 


j 
| 


156 


Jloknzanp Axkanemun Hayk CCCP 
1960. Tom 132, Ni 1 


PHSHYIECKAA XHMH A 


tO. M. BAKIIM, A. HW. TEJIBBUITEHH u M. HW. TEMKHH 


AONOJIHUTEJIBHBIE JAHHbIE MO PABHOBECHIO CHHTE3A 
ITHJIOBOrO CIMPTA 
(ITpedcmaeacno akademuxom C. C. Medecdeevim 80 XII 1959) 


) 


Ony6ukoBanubie paHee (1) qaHHble 10 paBHOpecuio 
C,H, (r) + H,O(r) = C,H,OH (r) (1) 


ju faBnenuax go 81 aT noKkasbiBaior suHelinyio 3aBucumocTh log Kp ort 
Itiero  =jaBnenua P. Ota 3aBMCHMOCTb pH MOCTOAHHOM OTHOIIeHHH 
H.0 / Non, OTB€YaeT ypaBHeHHIO COCTOAHHA Ta3s0BOH CMecH CO BTOPbIM BH- 


fAJIbHBIM KOSppuUMeHTOM. Benuunuy log K;, NosyyeHHble JMHeEHHOM 9KCTpa- 
| nanueli log Kp k P=0O, Obimu Upencrapnenbl ypasnenuem (*) 


log Ky = +> — 6,304. (2) 


JlononHUTeIbHbIe ~H3MePeCHHA, pe3yJIbTAaTbl KOTOPbIX COOOMIaIOTCA 37eCb, 
KIOT BOSMOXKHOCTb CYJMTb O 3aBNCHMOCTH OTHOWeHUA log Ky/P oT cocraBa 
€CH HM YIOUHHTb 3aBHCHMOCTb 9TOrTO OTHOWeHHA OT TemNepatyppl (Ky, = 
Yc.H,OH /'{c.H, HO; THE c.H,on — Koappunnent aktuBsnHocta C,H;,OH 
T. W.). MeroquKa u3mMepeHuii He OTNHYAacb oT ONMcaHHOH (*). Mcnomb- 
BaJIHCb COCTaBbl Ta3OBOH CMeCH, IPH KOTOPbIX HCKMNOUaACh KOHTeHCalHaA. 
BY JIbTATbI MpeACTaBJeHbI B TAO. 1, rye TaHbl Tak2Ke 3Hagenua Kp, BbIyHC- 
‘HHbIC Tp MOMOMH ypapHeHua (2), IpuHumMaa ga 286°, cormacno (%), 
pK. /P = 14,2-10% wu gana 332° K,=1. Kak Buguo u3 Ta6n. 1, BesuH- 


Ta6Onuna 1 


Q 

5* CocTaB ucxoqHoH Coctap oTxogamet 
is) BT, CMeCH, MOJIBHbIC MOK CMeCH, MOJIDHbIC OJ 
iy N 408 : 
é eS — K p-10° K p-10® no yp-Hu10 
SI zt CoH, 1 a ames (his ala 
g | og Can PLO gi wee | GH mRCOn |) c. 
(se) a ‘ae a) 
Ss oie) a PS) 
Et (ey= (S) oO 
36 |3160(40)|\ 9 0,863 | 0,187 | — | 0,840] 0,146] 0,0102 | 2,32 \ 2,34 mpu 
36 3160 (A0y| 4 16 | o’gas | 07439 | 0,0124 | 0,838] 07146 | 0/0104 | 2/36 Ny,0/N CH, =0.54 
M1 -| 577(40))) 0,450 | 0,650 | — | 0,434] 0,526] 0,0345 | 2,43 2,08 pH 
71 | 577(40)1f 13 | 02464 | 0,521 | 00154] 0,463] 0,496 | 0,0351 | 2,16 Ny,0/N H,=0-54 
44 14300 (42) 0,739 | 0,264 — | 0,735] 0,250 | 0,0110] 1,46 
it lprsocanly 2 | o’730 | o’386 | 0.0149 | 0:728| 07288 | oc0t08 | 1240 
eo Gomalencens -higiesecheit-oelk ecaaTelecoger lrocoeon ihe 1258 1,43 mp 
4 11270(12)| 0,96 | 0,541 | 034 = y 0: ; ~1.8 
Poe ees lous | oess. || =<. | out | atet, |. eae" |, 1.37 NH,0/N CH, 
81 |1200(12)]. 4, | 0.400 | 0,600 | —_ | 0,363 | 0,606 | 0.0255 | 1,43 
84 e640) y , 0'373 | 0.593 | 0,03471 02370! 0600 } 0,0255 | 1,42 


* B ckoOKax yKasano cofepxKanve H3PO,4 B mpolledTax OT BeCa KaTasMsaTopa. 


up| Kp pH JanHom P B mpeyzesax TOUHOCTH M3MepeHHH He 3aBHCAT OT 
o fo} 

‘Tapa Ta3o0Boll cmecu. Kpome toro, 43 TaO/MILbl BUAHO, YTO pH 332° Kp 
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He 3apucuT oT P, T. e. 97a TeMMepaty pa OM3Ka K «TemMepaty pe [yb 16epra— 

Baare» (1), IIpu 6omee HusKux Temmepatypax Ky > 1 *, B ra6snue He 

IIPUBeJeHbI JaHHble O COJepxXaHHH appa, TaK Kak PaBHOBeCHE TIO OTHOMI€ 

HHIO K peakiluv OOpas0BaHuA a(pHpa He AOCcTHraJOcb. 
Kak Opluio 10Ka3aHo (°), 


23y,B, — B2y; 
In Ky i i (3) 
Po a RT d , 
3apucumoctp BemnuuuH B; un B or T MoxeT ObITh TlepeqaHa pxAaMH Bua) 
Ay + a+ + .... [Ipeqmouarasd, 4To FocTaTOuHO ABYyX YeHOB pAza, pH 


XOJMM K 3aBucuMocTH log K,/P oT TemMilepatypbl Buza 


log K, Ao Ay 4) 

Ba a es (4) 

OnpirHble jaHHble oTBeuaioT 3HayeHusm A, = — 10,47; A, = 6,37-10%. 
Ypapnenne (2) Ha ocHoBaHun paBeHcTBa Kp = K;/Ky, Maer 


log Kp = ae — 6,304 + ( 


10,47 6,37-108 
ee ye ( 


Y papHenue (5) onucpiBaeT 3aBHcuMocTb Kp or T u P uM yUHTbIBaeT He3a: 
BucuMocTb Kp or coctapa cmecu. B ta6n. 2 3Hauenua Kp lo ypaBHeHHto (5) 


K p-108 Kp -10° no K p:10? 
Lapa, 7G ee OMbITH., yp-HuI10 (5), T-pa, °C PAu ACRE Ss ONMBITH., |T1O yp-HHIO (5), 
aT* aT 
ata aT—1 aT—1 ane 


258 3,31 1,65 

258 81 2,02 2,54 318 84 1,63 1,57 
286 Al 2,30 2,35 345 44 1,18 1,24 
286 51 2,29 2,26 345 84 AAT 1,27 
286 71 2,08 2,10 365 44 0,94 1,02 


286 | 81 2,03 2,02 


*IIpumeuaune. B cooOmenuu (1) Obla TonyuleHa HETOUHOCTh IIpH yKasaHHuu eMHUIB 
Tapuenua. JlaBueHHA U3MepAJIMCb B TeEXHHYeCKHX aTMOChepax (KI/cM?). 


1 
CONOCTAaBJICHbI C ONbITHBIMH 3HaveHuAMU Kp, NOwyueHHbIMu pauHee (1). Ta6u. € 
u 4 cofep2kaT paBHOBeCHble CTeNeHH peBpallleHuA 9TUJIeHa a, paCCUHTAaHHble 


IieaOnnwinares Ta6Oauna 4 
PaBHOBecHBIe cTeneHu TipeBpamlenuA STUJIC€HA PaBHoBecuHple cTeneHu lipeBpauleHuar STUJIEH? 
102 / ns 2 ° 
B cnupt &-10? mpa Ny o/Noy, =! B ciupT 4-410" mpu 290 
Jlannenue P, ar q. 7lapnenve P, at 
O Si 
: 256 
5 Oxs 
& a0 9 
Sul est 20 | 40 60 80 100 meg 4 20 40 | 60 | 80 | 400 
a ano 
250 | 0,253 | 4,14] 6,85 | 8,64 9,78 | 10,5 0,4 0,0740 | 1,33 | 2,43) 3,341) 4,05} 4,65 
270 | 0,484 |3,10} 5,40 | 7,44 8,40 9,35 0,6 0,0972 | 41,75 | 3,20) 4,37] 5,34) 6,25 
290 | 0,130 | 2,36] 4,28 | 5,85 7,45 8,24 0,8 0,145 2,09 | 3,79} 5,20|6,36|) 7,29 
310 | 0,0985 |1,86| 3,50 | 4,95 | 6,27 | 7,40 4,0 | 0,430 | 2,86 | 4,28|5,8517,45| 8,24 
330 | 0,0746 |1,45| 2,83 | 4,15 | 5,40 | 6,74 2,0 | 0,473 | 8,44 | 5,68) 7,78| 9,51 {40,9 


lO ypaBHeHuio (5) B MpeqnosoxXeHHH, TO MpOTeKaeT TOMbKO peakuua (1 
J\ia BHunCNIeHHA % YOOHO NOJb30BaTbCA PAOM 

ees Se ee Ky ib ila ies fe a 
Tse ek Kap ae tieteess | staan TEE A Rare 


’ 
y 


og 


+ ns 


* CoorpercrByloulad PopMyJNpoBka B (1) cofepxKHT OneyaTKH. 
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e n—uncso Monet HO na | mMomb C.Hy B ucxogHo cmecu, Ky=PKp. 
IBHOBeCHad rasoBaAx cMmecb pH Ny,o/ Ncww,=1, 250° u 100 art (a taxxe, 
3MOXKHO, H HEKOTOpbie Apyrue) HeycTOHuHBa MO OTHOINEHHIO K KOHJeHCalHH. 
 Tlowyuennpie 2aHHble TO3BONAIOT OMpeeHTb TenJOBOH addpekT peakuuu 
). Tak kax Ky B paccMaTpHBaeMoM cJlyu¥ae He 3aBHCHT OT cocTaBa ra3o- 
i CMecH, TO 


dink, AHO — AH 
| oT ib pgs : (7) 
V3 cooTHomenua 
dinK; — AHo . 
Ce ia i, 


papenctsa Kp = K;/Ky nonyuaem 


dlnKp AH 
( or ).= RT?" (9) 


| YpapHeune (5) jaeT 


AH = — 9570 — (47,9 ==") p, (10) 
| IIpu 300° u 80 ar AH=—5263 kan. OTa BeMYMHA CyecTBeHHO 
: or AH® = —9570 xan. CmnezoBaTebHOo, B TeXHOJIOrHYeCKHX 


ee Halo yuuTbIBaTb 3aBucuMocTb AH or P. 


@ysuKkoO-XUMuYeCKMH MHCTHTYT Tlocrynuso 
uM. JI. A. Kapnosa 30 XII 1959 


UMTHUPOBAHHAS JIMNTEPATYPA 


110.M.Baxumu, A. W.TeanOmtTetu, M.H. Temxkun, JAH, 126, 314 
959). 
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Jloxnagn AxkayemMun Hayk CCCP 
1960. Tom 132, Ne 4 


PU3HYECKAA XHMHA 


Akagemux AH BCCP H. H. CHPOTA, H. M. OJIEXHOBHY uw A. Y. WEJIET 


Ob ONPEAEJIEHHM PACHPEAEJIEHUSA IJIEKTPOHHOM 
NJIOTHOCTH B KPHCTAJIJIAX 


B paOorax Bperra (') BiepBple ObluIa NOKa3aHa BOSMOXHOCTh IIpHMCHeHHA 
paop Pypbe AWA Wemeli peHTreHocrpykTypHoro anau3a. JlanbHeHee pas- 
BUTHE 3TOFO MeTOa (*, °) MOSBOMHIO MOCTaBUTb MpoOmemy paciipeseseHua JIeKT- 
POHHOM MOTHOCTH MEY aTOMaMH TBEPAbIX TeJI MO SKCIIEPHMCHTAbHO OMIpe- 
JI@IACMBIM HHTCHCHBHOCTAM JMpaKIMOHHbIX MAKCHMYMOB Ha PeHTTeHOrpaMMax, 
Bonpoc © paciipeyevieHHu 3J1eKTPOHHOM MOTHOCTH B KPHCTasax, OMpeyemA1o- 
ujeH XapakTep, @AHH30TPONMIO MH SHeEPrHiO MeKATOMHOrO B3aHMOJeHCTBHA, 
OTHOCHTCA K HanOouee OOuLMM MpoOleMaM PH3HKH HM XHMHM TBEP/bIX TE. 

OnpegeseHuio paciipeseienua 9JICKTPOHHOM MJIOTHOCTH B TBEPAbIX Telax 
Ob MOCBALLeHbI MHOrOuNCIeHHbIe pabotnr (4-1%), a TakxKe ymomsanytTple B (7°). 

Jlia ompeqeieHua pacipeqeeHHa QICKTPOHHOM MJIOTHOCTH H HaXO*KeCHHA 
3JIEKTPOHHOH TIJIOTHOCTH (x, Y, Z) B MpOH3BOJbHOM TO¥Ke C KOOPAHHaTaMH 
Xx, Y, 2 9eMeHTapHOH ageHKU OObeMa UV HEOOXOJHMO CYMMHPOBAaTb TPeXMePHBIA 


paq @yppe. 


“too ( yee 
(x, Y, Z)= ee D\F (Akl) exp| gi (F ! - J oe () 
ee! 


——OO 


rye F(Akl) — ctpyxTypHaa amnuutyna. Uncso uieHos payja orpanuyunBaerca 
YHCJIOM SKCICPHMEHTAJIbHO OIIPeeIAeMbIX PePJIEKCOB. 

BosHukalollad HeOMpesesieHHOCTb, OOYCJIOBJIeHHaA OOPbIBOM pAa, He MO- 
3BOJIACT MOJLYYHTb CKOJIbKO-HHOyb ACHOTO IipeCTaBJIeCHHA O JeUCTBUTeJIbHOM 
pacipeqeieHHH SJIEKTPOHOB B KPHCTaIMYeCKOH pemeTKe. Ilostomy B page 
pador Obl MpeqoxwKenbl CMOcoObl ycTpaHenua spekta oOppipa pala WyTeM 
TeOPpeTHYECKON SKCTPAaNOJAWMN /-KPHBOH 10 OOJIbUIMX 3HAYeCHHM CyMMbI KBalpa- 
TOB HHJeKCOoB (*) HH TyTeM BBeeHHA TeMMepaTypHOrO MHOxKuUTeIA e-2! co 
SHAYHTEIbHBIMH PaCueTHbIMH TemilepaTypamu nlopsgKa 1000—10000° K (5, %, 
*, °). Kak mepspii, Tak H BTOpOH cMnoco6 BHOCHT 3Ha4HTeIbHY1O OIMOKY B pe- 
3YJIbTaTbI MOACueTa PaclpeAeJeCHHA SCKTPOHHOH MIOTHOCTH. 

IIpumenenne meroga, MpeqiowKenHoro XosemaHom u Barxom (’) qa onpe- 
TeNeHHA ICKTPOHHOH MJIOTHOCTH C HCHOJIb3OBaHHeM Oepallu «CBepTKH» 
MH 9KCTpanouAunn f-KpHBOH CO3qaeT HOBYIO BO3MOXKHOCTb. STOT MeTOA TakxKe 
He JIMUI€H H3BECTHBIX HEOCTATKOB. 

Kak ykaspipaet Hosakn ('8), Petioxem Qua mogcuera 21eKTPOHHOM MVOT- 
HOCTH allMpOKCHMMPOBas f-KPHBy!O ATOMHO pacceHBaloulero akTopa dy nkuneH 
Taycca. IIpu stom nogcuer 3IeKTpOHHOM MOTHOCTH CBOAMICA K BbIHCIeHHIO 
MHTerpasa Dypbe HM CYMMHMpPOBaHHIO psa. 

B HactTosuei pa6oTte NokasaHa BO3MOXHOCTh MOACUNTATb. 3JIeKTPOHHY1O 
IJIOTHOCTh CYMMMPOBaHHeM TPeXMePHEIX PAOB Dypbe, He BBOAA TemMepatyp- 
HOrO MHOXHTeIA HM HE MpOfowKAaA SKCTpalonAuMel f-KPHByIO, a UuCHOMD3yA 
JIMlb 3HaYCHHA ATOMHOTO paccenBaloulero tbakTOpa, KOTOpbie MOryT OBIT 
novlyyenbl Ha CukKa w MeHee X%KeCTKUX U3/yYeHHAX. 
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17 : 
|Kak usBecTHo (*‘), BHeIIHMe 9i1eKTpOHbI aTOMa BHOCAT H3MeHeHHA B XOy 
PUBOH TlaBHbIM OOpasOM Tp MawbIX NOpasKax oTpaxenua. [Ip BeicoKux 
ANKAX OTParKeHUA HX BKJIa] CTaAHOBHTCA BeCbMa MaJbIM. Ilostomy Bewu- 


a aTOMHOrO paccenBalollero (akTopa{MoOxeT ObITh pasyejeHa Ha Be ua- 
, OOYCJIOBJIEHHbIe JBy- 


Tpyuuamu dJieKTpoHoB 
bacmpegesenuem IOT- 
‘Teli p;(r) HM pg(r), Tae 
)—OcCHOBHaH uacTb 
KTpOHHOH IJOTHOCTH, 
/CJIOBJICHHAA 9JIEKTPO- 
HW, pdaciHoJlIo+*KeCHHbIMU 
PHMYLUECTBCHHO BOJIN3H 
Da KAMJOTO ATOMAa, HU 
ir) — OCTABIWaACA YacTb 
‘KTPOHHOH IIJIOTHOCTH, 
YCJIOBJICHHAA 9JIEKTPO- 
MH,  pactloJIOxKeHHbIMH 
ioMMYULECTBEHHO BO 
SHeH YaCTH ATOMOB. 
WM 9TOM yKa3aHHoe pas- 
feHHe 0 H P. He CBA- 
HO C KAKHMH-JINOO 9UIeK- 
DHHBIMH cJIOAMH. Ode 
HKUHH 3ayjaHbl BO BCeM 
OCcTpaHcTBe, 

| Pacipeyesenue 9J1eK- 
DHOB B TepBow YacTH 
VJOCTATOUHbIM TIPHOJM- pyc, 1. Hameneume atomHoro pacceuBaiomero «paxtopa f 
MHHEM MO2KET ObITH ONH- pB sapncumocru oT CYMMBI KBajipaTOB HHAeKcoB pe(peKCOB 
HO YyHKUMeH pacmpe- aubpaxyuonnpx  MmaKcuMyMoB. a@— 9KcnepumentasbHas 
menua Taycca B Buse f-KpHBaa asmasa (°); f;—BbruncieHHad f-KpuBas IA SIeKTpO- 
HOB C 3a,aHHbIM paciipeyzeseHHeM IIJIOTHOCTH; 6 — 9Kcnepu- 
, st —ar2 MeHTaJIbHad f-KPHBasl C BBeEJeHHbIM TeMMepaTyPHBIM MHOXKI- 
P1 (r) = Ae ’ (2) TeIeM C pacueTHOH Temnepatypoli 7500°; fz—pasHocTb aTOMHO 


pacceHBalolmuxX PakTOPOB, SKCM€PHMeHTAIbHO ONpeye MeHHbIX 
A KOTOpOrO JI€rKO BbI- yw pacuerHbix AVIA SIeKTPOHOB C 3aaHHbIM pacmpeseseHuem 


(CJIMTb KPHBYIO paccen- QJIEKTPOHHOM MIOTHOCTH 
rollero (bakTOpa B 3aBHCHMOCTH OT TOpsAyKa oTpaxennsa 


[) 


iG 


(oe) 
ae ap OI 
= oar? Aad Sue = eae = a 
fi= \ Ae—*" 4rr F OA “a eXP TARE (3) 
1 


w= 4rsinu/h, 
Besmunubl a u A onpeneisioTca NO QByM JMHUAM (Ay, Ry, 11) u (Ae, Ro, Le) 
HTeucuBHoctamu J, u J, upu h?+ k?+ [? > 27: 


2 2 2 2 2 
AVES ts | SF Bp Bb] 1 (4) 
P Sich peas wanpe aan OTC 
IoCo 
oe ie 2 [he Re je 
Cyl T 1 1 1 


e C, u Cy—TpouspeseHuA SKCIepMMeHTaIbuO YUMTbIBAeMBIX ()aKTOPOB. 
Kak MbI OTMeTHIM BbUe, f-KpuBad Mepspof wacTu 92aeKTpoHoB ff; (Hl) 
HM OOJbIUNX 3HaVeHUAX WHJeKCOB JOJUKHAa CJIMTbCA C 9KCIICPHMeHTAJIbHO 
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nojyyaemoit f-KpuBol. TIpn A?+k?2+12?=0 (u=0) snauenne 7, (0,0, 0) 
paBHO UHCwy WIEKTpOHOB B TepBow wacrTH. 

Ha puc. | noKasawo, uro B cyly4yae asiMa3a clMaHue /\-KPMBOH NepBoh 
YaCTH 3JIKTPOHOB HM SKCMepuMeHTaNbHO OMpeyeseHHol f-KPpHBOH B lpefesax 
TOUHOCTH 3KCHepHMeHTa UMeeT MecTO yxKe HawHHat C CYMMbI KBaypaTOB 
h? + R® + [? = 27, 

Kpupaa f, puc. 1 mpegctapaaer pasnHoctb f —f;=f2, OOycioBmeHHyt0 
3JIEKTPOHAMM BTOPOli YACTH C HEHSBECTHDIM PaCIIPeeJICHHEM fy. 

DNeKTpOHHaA TVIOTHOCTh B OOOH TOUKe KpucTaia p(r) MOKeT ObITb 
lipezcTaByeHa B BHI 


a 
p(t) = p(t) + p(t) = Lipp exp [— a(t — Fo7)*] + 
i 
++ D2 Fs exp [—2nirli]. (6) 
hy eRe ot 


0, (r) — 3afaHHanA MJIOTHOCTb, OOyCJOBIeHHaA CYMMMPOBaHHeM IIJIOTHOCTH 


0, TO BCCM aTOMAM PelI€TKH, Py HCKOMAA Pa3HOCTb IJIOTHOCTeM JeHCTBUTeJIb- 
HOH HW 3ayaHHoH. 
@MakTuyecKH pacueT paciipefesieHHA 9IEKTPOHHOH IJIOTHOCTH CBOMTCA 


K CYMMHpoOBaHHIO psa : DY DDFs exp (— 2rirH). 
Ae oaRY ae 


Uv 


Ha puc. 2 MoKa3aHo BbIUMCeHHOe paciipeseienve 3IeEKTPOHHOM MJIOTHOCTH 
Bp Hampapsenuu [111] anmas3a. 


whi 


| * 


501 | 


ted 


20 60 
10 40 
0 0 
anfA? 
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& NS 
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Ss 
RSS) 
a 


S 


0g ° oO 
Ges She Vil ceed, ee da Abr 30” tir ae ean th 


Puc. 2. BpluncMeHHble 3HaYeHHA 3/1eKTPOHHOH MVIOTHOCTH B pelleTKe amma3a 
B HampaBueHun [111]. A — mpm pacuerHoit Temnepatype (7500° K). a— o6n- 
HBIM MeTOR CyMMMpoBaHua paga (1), O—no npegqmaraemomy metony. B—npu 20° C 
MOACYHTaHHbIe 10 HOBOMy MeTOAy Ges BBe_eHHA TemMepatypHoro MHOKUTeNA 


CoracHoO IpMBeeCHHIM aHHbIM pagMyc uOwa yrmepona B anma3ze paBeH 
0,20—0,25 A u crenenb nOoHM3alluH cooTBetcrsyer C + 4,0. 

B mpomexkyTkax mexyy Koopqunatamu 1/5, 1/5, */, nm 3/4, 3/,, 3/,!9.1€KT- 
POHHAA MVIOTHOCTh OM3Ka K HYJIIO B Mpeqenax TOUHOCTH 9KCHEPUMeHTaJIbHBIX 
AanHblx. B npomexytxe oT 0,0,0 no 4/,, 4/4, 1/, muHuMym 31€KTpOHHOH| M10T- 
HocTH cooTBetcrByer 1,53 91/A*; sto 3HayeHne NpHOmMB3HTeIbHO BS aster 
w€M Y KPeMHUA B STOM Xe NONOXKEHHH, ITO, T1O-BUUMOMY, O6ycnOBAeHO xapaK- 
TepOM H 9HeprHeli M@XKATOMHOH CBaA3H, 


162 . 


| [leHcTBuTelbHOe pactipesemenne 21eKTPOHOB BOAH3H Apa HeCKOJbKO OT- 
MMUaeTCH OT 3ayaHHOrO 3a CueT WOOABKU, MOACUMTHIBAEMOM MO pasHocTH 9KCTIe- 
HMCHTAJIbHOrO HM 3aaHHOFO ATOMHO paccenBaloMlux tbakTopos. B upomexyTKax 
EIKY aTOMaMH BeIMYHHA 3aaHHOM MIOTHOCTH HHUTOXKHO Maa) u JelicTBu- 
‘IbHaA 9IEKTPOHHAA IVIOTHOCTb Mpak- 
UeCKH COBMaqaeT C pp. 

| Ha pue. 3 npwpezenpi KpuBple u3Me- 
PHUA MOACUHNTAHHOH JICKTPOMHOH M0T- 
tee 8 TouKex O00e */. Tey 
LL, eo, 1 B8aBHCHMOCTH OT pacuernoit 
pMrlepary pt. Kak BHJHO M3 TIpHBereH- 
pro rpaduka, BBeqeHve Temilepatyp- 
IDO MHOXKUTEIA BECbMA CHJIbHO BJIMAeCT 
A MOyYaeMblIe 3HAYCHHA IJICKTPOH- 


| 
! 


° 
on/? 


Mc. 3. Vismenenue noycuuTaHHblx 3HaueHuii 
€KTPOHHOH MIOTHOCTH B 3aBHCHMOCTH OT pac- 
‘THO TemMMepaTypbl. a—  B Touxe 0, 0, 0, 
M4HCJICHHbIe 10 HOBOMy MeTOLy; 6 — B TOUKe 
Bs */s, */s; ¢— BTouKe 4/s, 4/5, 1/2; a’— B 
axe 0, 0,0, BptunucieHHble OOBIUHbIM MeTOZOM gt 

} 5 
i sewers 8g 5 ener era 


5000 10000 15000 He 


x 


DH mmoTHocTH B TouKe 0,0,0 u B MeHbUIeH Mepe B TouKax 1/¢, 1/,, 4/, u 
tb, */5, */>. SaMeTHM MPH 93TOM, YTO SKCTPAaNOMPOBaTb KPMBbIe, MOJyYeHHBIe 
TCM BBCCHHA TeMMepaTyPHbIX MHOX*KUTeNeH, MO KOMHATHOM TemMepatypbl He 
€CTaBJIACTCH BO3MO?KHBIM. 

H3n02%KeHHbIlt METOA OTKPbIBaeT HOBbI€C BOSMOXKHOCTH B OMpPeMeeHHH 3JIeKT- 
DHHOH MJIOTHOCTH H B pellieHHu MpOOeMbI XUMMUYECKOM CBA3H BTBEPAbIX TeaXx. 


| Orgen cu3suKu TBepyoro Tela HW MOyMPpOBORHHKOB Ilocrynus0 
| AxayemMun HayK BCCP 5 I 1960 
| 
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Jlokxuanxs Akagemun nayr CCCP 
1960. Tom 132, N41 


PHBHYECKAA XHMHA 


r. HW. ®YKC 


O MEXAHH3MAX JIEMACTBUA HEMTPAJIBHbIX IJIEKTPOJIATOB 
HA CBS3b YACTHLL B KOAPYJIALLHOHHOM CTPYKTYPE 


(II pedcmaseaeno axademuxom IT. A. Pe6undepom 8 XII 1959) 


Pasputue yueHuaA O KOaryJAWMOHHOM CTpyKTypooOpasoBaHuH paclinpus0 
MpekcTaBsIeHve O KOaryJIALMOHHOM B3aHMOfleHCTBHH YaCTHI, AUCMePCHBIX CHC- 
Tem. Ecuiu B MpoulioM Tako THM B3aHMOJeHCTBHA CUMTAaJICA XapaKTepHbIM 
TOJIbKO WIA PasOaBJICHHbIX KOJIJIOMHbIX PaCTBOPOB, TO CeH¥Yac H3BeECTHO, 4TO 
OH HIpaeT BeCbMa CYIIeCTBEHHYIO POJIb MH B POPMUPOBAaHHH CBOMCTB KOHWeHTpH- 
POBaHHbIX H MOJMAMCMepCHbIX cycleH3uli, NacT HM ocagzKos (*,”). CooTBeTcTBeH- 
HO paclIMpHJICA BOMpoc O MeEXaHH3Me JeHCTBUA ZIEKTPOJIMTOB Ha KOary AWMOH- 
HY!0 CBA3b YacTul. B HacTosxuleH paOoTe AIA UCCJIeMOBaHHA BJIMAHHA JJIEKTPO- 
JIMTOB Ha 3JI@MeHTapHbId aKT B3AMMOJeHCTBHA UaCcTHI OblIO UCMOIb30BaHO 
pa3MepHoe MojesupoBanue (*) — u3MepxAHCh TOUMHHA HM COMpPOTHBJIeHHe YTOHb- 
IM€HHIO PpaHHUHbIX CJIOCB PACTBOPOB JJIEKTPOJIMTOB B 3a30Pe MeX*K ly 3epKaJIbHO- 
MOJIMPOBaHHbIMH IVIOCKO-lapaJWJIeIbHbIMH KPYTJIbIMA KBaPWeBbIMA J{MCKaMH, 
MOrpyXeHHbIMH B 9TH PacTBOpbI Mo MeToguKe (*), Hu TpeHue ccbepuyecKux HoO- 
BePXHOCTeH OTPHWaTeJIbHO 3apAKeHHOFO KBaPIla HM MOORKUTeIbHO 3ap A2KeHHOTO 
pyOuHa B TeX 2Ke pacTBopax No meToguKe (°). B mpHOope c WucKamu paccTos- 
HHe M@KAy MOBEPXHOCTAMHM MOWLaBasloch H3MepeHHIO B Mpememax oT 3—OD TO 
0,02 w (omM6Ka onpita -0,01 ), KonTaKTHoe JaBsenne oT 0,04 go 10 xT /cm?; 
B TpHOomeTpe peaJiv3yeTCA HelMocpeACTBeHHbIM KOHTAKT COMP AXKeHHbIX MOBepX- 
HOCTeH C KOHTAKTHbIM JJaBJleHvem oT 50 no 550 xl /mm?. 

Us pador (*,°) culeqyer, 4To QIeKTPOMMTHI MOBbIWAIOT KMHeETHUeCKOe COrpo- 
THBJIGHHe TOHKHX CJIO€B BOJbI COJIM2KEHHIO JUCKOB HM IpHalOT 2TUM CJIOAM CTa- 
THYecKoe (paBHOBeCHOe H HepaBHOBeCHOe) COMPOTMBMeHHe, MpHMBOAMee K 
COXPaHeHHI0 B 3a30pe MEKAY KBapleBbIMM JHCKaMHM OCTaTOUHOrO (HEBbOKYMAIO- 
eroca) COA pacTBopa (TommHMHa Ayn). Bsauatave 291eKTPOMHTOB Ha KMHeTH- 
YeCKOe CONPOTHBJIeHHe COJIMKEHHIO UACTHI, MO-BHAMMOMY, He JlocTuraeT OoOUIb- 
WOH BeJIMYHHbI, TAK KaK TPpaHM4YHaA BA8KOCTb B Hepudepwyecko uacTu rpa- 


HHMYHOTO C/OH MOBbIWaeTcH WOHAaMM oT Oovlee 4em BO pas (*%), u Mepexog 
K OCTATOUHOMY CJIOIO pe3KHH. 


ral@ crieuaieane 


Kunetnueckasl CBA8b MIOCKO-NapasebHbIX KBAPUeBbIX HCKOB (quametp 12 mM) 
B PaCTBOPaX SICKTPOMMTOB Toce KOHTaKTa B TeueHHe 30 MMH. pv Harpy3Ke 
4 xP/cm (ycumue orppipa 0,08 kT /cm?) . 


Konweuntpayus| Bpema Konuentpayua| Bpemsa oran- 
QeKTPOMUTHI pacTBopa, oTiuma- || SaexrpomMTel pacTBopa, 
MP-9KB/J HUA, CeK. MP-9KB/JI NaHHA, CeK. 
LiCl 10 Bs) MgCl, 10 14,7 
NaCl 1 3,7 CaClo 10 15,5 
NaCl 10 4,3 BaCl, 9) 30,0 
NaCl 1000 9,3 BaCly 10 34,0 
KCl 10 13,0 AICls 10 43,0 
RbCl 10 14,4 Th (NOs)q | 10 45 4 
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C apyroi cropoubl, KuneTuuecKas cBA3b (3) MocKHXx YaCTHU, BbIpaKeHHas 
SPEMCHEM UX OTJIMMAHHA, CyWleCTBeHHO 3aBHCHT OT cocTaBa OKpyxXatollero ux 
pacrBopa (Ta6u. 1). Uspecruoe puusanue Ha 3TOT adPekT OKa3biBaeT rpannunaad 
BASKOCTb, HO Oovlee BaxKHO, YTO COCTAB pacTBOpa onpeyemser TOJIMMHY OcTa- 
¢OUHOrO clon (Tra6.. 2), a CIELOBATEJIbHO,U 3a30p MeXKLY MOBepXHOCTAMH, ycta- 
HABJIMBalOWMHCA Mp 3ayaHHoM, He 

t JIMIUKOM OOJIbLIOM, KOHTAKTHOM JaB- TaOnuna 2 
NeHuM. SaMeTHM, 4TO KuHeTHUeCKaA Tosuuna ocratounoro cnoa 0,01N pacrsopos 
TBASb 8aABHUCHT He TOJIbBKO Or paccTos- IIECKTPOJIUTOB MH ero COMNPOTHBJICEHHE YTOHbIWe- 
HA MexK Ly MOBep XHOCTAMH, HO UOT HHO B sa3s0pe MeC*K]LY KBapLeBbIMU AMCKaMu 
POpMbl Sasopa, NosTOMy BulNaHHe fin he Cyto eomerane mente) 
bJICKTPOJIMTOB Ha BPeMA OTMMNAHKUA Hom qannenuy (sT/ent)| 2 HBTeBaNe 
BLINYKJIBIX YaCTHIL NOJKHO ObITh cy- 2 7°KTPO Aeprenys 
IfeCTBEHHO MeHbIUHM, UeM MWvOCcKHX. i 


0,2 | 207) 40 122 o—n.6 
_ TommnHa octatounoro cos ompe- 

KeIdeTCA KOHUEHTpallveH pacTBopa 

puc. 1), YHcJIOM sapsyoB MpoTuBonoO- 1 ;c] 0,25 | 0,44 | 0,06 | 3,3 | 5,5 
HOB HM UX payuycom (Ta6m. 2). C no- NaCl 0 ;145|90 090 OF 05 i sos Omtiie Oia 
BbIIeHHeM KOHTAKTHOTO jlaBsieHua KCl 0,12 | 0,08 | 0,04 | 7,7 | 10,6 
i, COOTBETCTBEHHO, yMeHbueHiem RbCl Datel Ox edls Aone late alee 
|? ? CaCle OCS | COS | OxO% |) “44 SA 
PaCCTOAHUA MeXKy MOBePXHOCTAMH jC], 0,08 | 0,05 | 0,03 | 6.2 | 12,0 
pOJlb pajivyCa MOHOB YMeHbUlaeTCH, Th(NOs)s | 0,07 | 0,03 | 0,03 | 6,0 | 18,0 


h IPH BbICOKUX KOHIMeHTPalluax pac- 
PBopa YMeHblllaeTcH WM BJIMAHHeE unca 3apsayqoB uoOHOB. Kpnspie Ayuy = 
[(C) oOparHbl KpHBbIM 3aBuCHMOcTH KO2PPuHeHTOB cTaTHYecKoro Tpe- 
HHA UW MpPHJiMMaHHA MMKPOCKONMYeCKUX UYACTHIL OT KOHIeHTPalMH pacTBopa 
peKTpONMTOB (*). CompoTuBsienue yTOHbINeHHIO OCTaTO“HOTO cwIOA mpexye 
Bcero OMpeesAeTCA ero TOJIMIMHOM, MOITOMY B BbIOPAaHHOM MHTepBaJie Harpy- 
30K (go 6—8 xI/cm*) y pacTBopos, OOpasyroulux pu 


| e 3aJ4HHOM JlaBuleHun GOoulee TOHKHe OCTAaTOUHBIe CJION, 

| She MOKa3aTeJb STOTO CONpoTHBJeHHA E B OOJbUIMHCTBe 

| "I culydaeB Bblllle. C pocTOM KOHIeHTpalluH pacTBopa 

Q no 5—10 mr-aKa/a E yBeJIMYHBaeTCA, HO B JanbHel- 

i o2+ XG uwieM TOUTH He H3MeHHeTCA. 

| ae 2x a KauecTBeHHoe paccMOTpeHHe NOJYYeHHDIX JaHHbIXx 
% 


/ \ x  [IPMBOAHT K 3aKJIOUCHHIO, YTO 3a30p Me%KLy MOBepx- 
XS pocramn KBaplla B paCTBOpaX 2JIEKTPOJIMTOB CBA3aH 
L, *s, =,» =e TOMMMHOK guddy3sHoro cox acopOupoBaHHbIx 
“2 -@ -/  @ woOHOB ¥ B3aMMOZelCTBHeM 9THX cCeB. OTNpaBAacb 
near oT TeopuH gBoluoro caos Tyu — Usnmena, 
ne. 4. Bnusuue omen. D- B. Heparuy (*) u A. H. @pymxun (°) monyanm 
pauuu (Br-9KB/1)HaTo- YPaBHeEHHA, OTNMCbIBAIOUHe OTTaJIKHBaHHe IIlJIOCKUX 
WHY ocraTouxoro cox yudbdbysHprx cuoes. Jima cilydasd, Kora NOTeHWHad 
acTBOpa B 3a30pe MEKTY  poRepxXHOCTH 3HAYNTeIbHO MeHbuIe RT/F, 9TH ypas- 
OE Sea pees HeHHA coBlafawrT. BripasuB xy (MoKasaTeb TOJILLH- 
os ‘el /ew?. ar ais cls Hbl HOHHOH aTMocdeppi mo Jjedaio — Tyokkesto) yepes 
2—KCl; 3— NaCl KZY C, rae K —noctoaunaa, Z— uvcno 3apanon 
: voHa puddysnoro cos, C — KOHUeHTpalluA spac- 
TBOpa, YpPaBHeHHe MOX%KHO TepelucaTb B CJelyt0- 
fi i vupanna: F, =KZ2Ce-hK2V C 
efi PopMe, YAOOHOK JIA IPpOBepKH MeTOJOM BbIpaBH A 
ne F —cCHla OTTaIKHBaHHA COIpAXXCHHBIX mupdy3Hbx cuoes, h — pac- 
Mexky MOBepXHOCTAMH. 
Be ee. he aenmuen tans JaHHBIX (TOUKM Ha puc. 2) c TeopeTuye- 
Koll 3ABHCHMOCTbIO MOKa3blBaeT, YTO B PaCTBOPAaX IJIEKTPOJIMTOB C KOHILCHTpa- 
jue go 8—10 mr-3kB/J MOHbI NpelsATCTBY!OT COJIM2KeHHIO pesea ae St Ha 
yacctosHue sibibekTHBHOTO jeliCTBHA lees wi pete pelsener 
DJIEKTPOCTATHYECKOMY OTTAJIKHBaHHIO mudpy3Hbix CcJ0eB. oulee Onn 
0 


| 
POBaHHbIX paCTBOpaXx, a TaK2Ke pH OTHOCHTEbHO OoJIbIIMX PaCCTOAHHAX MEK 
Ly MOBepXHOCTAMH, MOpALKa TOJMMHbL PPawHudHOro COA, JOJNKEH eHCTBOBAT, 
HedJIEKTPOCTAaTHYeCKHH akTOPp B3aHMOJeHCTBUA ”. Tlockoubky B 9THX CJ 
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B3aMMOJeHCTBYIOMNMX UddpysHEIx cnoew afzcopOupoBaHHBIxX uoHoB. /, 2—F,=—f(z, 
2—pu Ayyy =0,06+0,01p, 2—mpH Ayyy =0,04+0,01p; 3—F,=f (Cyc) (and 
pbl Ha Kpupol — aHayenua C B mr-oKB/). 4,5,6—F,=/ (A). 4—upu x=1,5 mr-3K 
Ha 4 a CaClo, 5—npu y= 2,5 mr-akp Ha 1 a KCl, 6—upu y =1 mr-9KB Ha 1 a Na€ 


Puc. 2. Ilpopepka MeTOJOM BbIPaBHHBAaHHA NPHMeHHMOCTM YpaBHeHHA CHJIbI OTTAJIKMBAaHM 


yanx mpecOaqaioulee 3HavYeHve HMeeT Payuyc HOHOB (No Kpalinelt Mepe B pe 
AeulaX OJHO- MU JBYXBaJIeHTHDIX KaTHOHOB (°)), HavOoulee BePOATHO, 4TO 9THI 
(bakTOPpOM sABJIAeTCH JatbHAn (1°) uu BropwuuHan (11) rug~paTalluA MOHOE 

Bpicokve KOHTAaKTHbIe JaBJIeHHA, MpHoJM 
*Kalollvecd B Hallux TPHOOMeTPHYeCKHX OMBITA: 
K MOKa3aTeJ0 MAKPOTBepOCTH MCCJeOBaHHbL 
MHHepaJIOB, IpeOWOJleBaioT pelyJIbCHBHYIO CHIT 


G2460 


&  ajcOpOupoBaHHbIX HOHOB, HO BJIHMAHMe 9dJ1eK 

9200 % TpouJIMTOB Ha B3auMOselicTBHe MoBepxHocTe 
2 9THUX MHHepaJIOB He Npekpataetca. Kak BUH 

& 43 TaOu. 3, H3MeHeHHe TpeHHA B 3aBUCHMOCT 

Bs, S OT COCTaBa pacTBOpa He COOTBETCTByeT IIPuBE 
G160 & €HHOMYy BbIPaxKeHHIO CHJIbI OTTAIKHBaHHA ud 
f 2 y3Hbrx cloeB, u KospulluenT TpeHua onpene 

S  sAAeTCA YMCJIOM 3apAOB AHHOHOB MW KaTHOHOE 

“. uTo cBHJeTeIbCTByeT © MeXaHH3Me JelicTBH 

120} MOHOB, He CBA3AHHOM C 3apAOM MOBepXHOCTE 


Cnenuduyeckoe JelicTBHe 9JIEKTPOUTOB Mp 
BbICOKHX KOHTAKTHbIX JaBJIGHHAX CBA3aHO C 
TS aRERY aoe rn BJIMAHHEM Ha NOBEPXHOCTb MHHepasos. Baw 

TG sos 03 WMUMeHT TpeHHA 12 2 

SERRE ORG me Be crept moKasauo (7), uTo B pacTBOpax HeliTpambHB 
sek TpoumTos passimyHOrO coctaza  SVIEKTPOJIHTOB CHM2KAaeTCA MAKPOTBEpJOCTb py61 
H KOHLWCHTpallMH B 3aBHCHMOCTH Ha HW KBapla (oHO M3 UpOABJICHHH alcopOmuor 
OT MAR DOURSD OCT SUC Us MOrO NOHWKEHHA MpouHocTH TBepzbIx Te (1%) 
B STHX PaCTBOpax. — UTaTHue- iT 
clas ype dite: doceerer mea ENeeTs penve (u u3Hoc) pyOuHa, a B OTIMe/bHBIX rpyl 
10 mun.); 3—Kunetiueckoe tpenve "AX PaCTBOPOB M KBaplla, MOBbIllaeTcA c yMeHl 

WeHHeM HX MUKPOTBeEPMOcTH, HesaBHCUMoO, 
NepBOM MIpHOJIMxKeHHM, OT COCTaBAa HOHOB HM KOHIWeHTpalluu pactBopa (puc. 3 


60 
1500, 1750 2000 2250 K2)un? 
if 


* BrosHe BO3MOxKHO, YTO paspaboTKa Teopuu BsauMOJelicrBuA Nudby3HBIX cOeB Ha O 
HOBe OoJlee COBEPUICHHBIX NpefcraBenni 06 ux crpoeHHH, YeM NpeqoxKenube Dyn, pac 
PHT OOMacTb MpWMOAKeHUA MeXaHH3Ma S/eKTPOCTaTHYeCKOrO OTTAIKUBaHHA, HO HET OCHOBAHI 
lipeqodaraTb, UTO OH CTaHeT YHHBepcaJbHBIM. 
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eat: Jk Heliaees 


osppulveHT TpeHus pyOuHa u KBapua B 0,001N pacTBopax HeHTpabHbIX 3eKTPOMHTOB 
OHTakTHOe aBlenve: pyOun 530, Ksapy 108 KI /mm?; TpeBapuTesbHOe B3aHMOelcTBHe 
MMHEepaJioB C pacTBopamu 14 uac). 


Cratuueckoe KuneTuyeckoe Cratuueckoe | Kuneruyeckoe 
TpeHue TpeHHe TpeHue TpeHue 
QMeEKTPOJHTHI Suexrponutet |- : 
py6un | KBapy | pyOun KBaptl pyOuH | KBapl, | pyOuH | kBapy, 
i 


iGl 0,105 | 0,440 | 0,150 


0, 3201|KsSOg 0,110 | 0,490) 0,170} 0,370 
KCl 0,097 |0,465!0,160] 0 

0 

0 


0 
( Ol|KsFe(CN)s |0,114] 0,550] 0,200] 0,375 
AICls 0,112 | 0,420|0,220| 0,330||KaFe (CN), |0,413! 0,605] 0,210) 0,390 
0 


Th (NOs)a 0,114 | 0,350] 0,225 


TO OObACHAeTCA NOBBIWeHHeM UCTHHHOM MOWlaqu KOHTakTa c «mulacTudHly- 
OBaHHeM» NopepxHocTu. Ec mpu 9ToM yJeuIbHad CHJIa MOJIeKyJIApHOrO B3a- 
MiMOJelcTBMA He yMeHbUlaeTca (YTO B aHHOM C/yyae BeCbMa BePOATHO), TO 
JIEKTPOJIMThI YBeJIMYHBAIOT CyYMMAapPHYIO CHJIY MOJIEKYJIAPHOTO B3aNMOJeHCTBHA. 

DhekTuBHoe MPOABIeHNe PaccMOTPeHHBIX MeXAHH3MOB JelicTBHA 9JIeK- 
te Ha CBA3b YacTHI (HM MakpoTeu!) B pacTBOpax oNpememaAeTcA paccTos- 
jHHEM Me2%KLY NOBepXHOCTAMH. 


HayuHo-necleqoBaTesbcKHit MHCTHTYT Tlocrynuio 
| YaCcOBOH IIPOMBIILIJIeHHOCTH 1 XII 1959 


HWHMTHMPOBAHHAA JIMTEPATYPA 


1T]. A. Pe6Ouugep, JloKa. cosem. no sa3kocTH %KupKOCTeH U KONI. pacrsopos, M32. 
H CCCP, 1, 1941, erp. 361; Kon. »xypn., 20, 527 (1958). *2T. Opetugzaux, TuxKco- 
igponua, WJ1, 1939; T. H. Dy Kc, Kona. xypu., 12, 228 (1950). °F. HW. OyxKe, Tp. 
3 BcecowsH. Kouep. mo Kou. xumuu, May. AH CCCP, 1956, eTp. 301; Koma. xypu., 20, 
WS @958)n aly OyeKc. 8 Sas. a6, 21) Ne 12s 14458 95b)ee Oe a @ yee, 
‘Tam xe, 22, Ne 5, 594(1956). ®°T. HW. Oyxc, H. H. Kasepuua, JAH, 121, 332 (1958). 
le IO VaKem sre Mem Ke. b.1.0KO.B, Es BaLl bier asniosras TAH, 65, 307 (1949). 
fb. B. Leparuun, Uses. AH CCCP, cep. xum., Ne 5, 1153 (1937). ° A. H. @® py mM 
igau, A. B. Io pogeuxKkaa, Acta Physicochimica URSS, 9, 327 (1938). @, Gigs 
by 0% 108, CrpykTypa BOJHBIX pacTBOPOB SJEKTPOAHTOB M THApaTal\usl MOHOB, ewig AN gl (COOL 
(1957. Tl. Boxpuc, Hexoroppie npobsembl cosppeMeHHoi aekrpoxumun VJI, 1958. 
i@r. UW. OyxKc, Konan. mypu., 22, Ne 2 (1960). Il. A. Pe6uugep, Zs. Phys., 72, 
‘191 (1931); @usuKo-xumuyeckad MexanuKa, M., 1958. 
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Jloxnagpn AkayeMun Hayk CGGP 
1960. Tom 132, Ne 1 


| 
| 
XHMHYECKAA TEXHOJO‘HA, 


r. B. KYKOJIEB nu M. T. MEJIBHHK 


BJIAAHHE JOBABOK Cr.0sy P20;, V.0;, BaO HA MHKPOCTPYKTYPY 
MOPTJIAHAILEMEHTHOrO KJIMHKEPA 


(IIpedemaeaeno axademuxom I]. A. PeOurndepom 12 I 1960) 


@u3HKO-MeXaHHYeCKHe CBOHCTBA MpONYKTOB TBeEPeHHA MOpMaHAWeMeHTa 
O6yCJIOBHBAaIOTCA, Mpexe BCero, €rO XHMHYECKHM H, COOTBETCTBCHHO, MHHE- 
paslOrHyecKHM COCTaBOM, a TaKXKe MUKPOCTpyKTypow KMHKepa. MenkoKpu- 
cTaluMuecKad CTpykTypa cmocoOcTByeT, Kak H3BeCTHO, MOBBIIMeHHIO THApaB- 
JIMMe€CKHX CBOHCTB IWeMeHTa. 

O6Opa30BaHHe TBEPALIX PaCTBOPOB, BJIMAIOMMMX Ha CTPYKTYPy KJIMHKePHbIx 
MHHepaJIOB, TaKxKe CYL[ECTBEHHO H3MeCHAeT CBOMCTBA WeMeHTa. Tak yCTaHOBJIeHO, 
YTO IPH BBEACHHH B CbIPbeBYIO CMECb Tepe ee OO*KHTOM WOOaBOK Cr2Os, P2Os, 
VsOz2 u BaO, oOpa3y1omlux TBeEpAbIe pacTBOPbI C ABYXKAJIbUMEBLIM CHJIMKATOM, 
3HaYHTeJIbHO W3MCHAIOTCH CBOHMCTBA KJIMHKepa: yJlyallaeTca pa3MaJibiBae- 
MOCTb KJIMHKepa H TOBbIMMaeTCH MeXaHH¥eCKad MPOUHOCTh MpORyKTOB TBep- 
eHuA nopTuangzmementa (1~4). [Ipu sTOM U3MeHAeTCA, KAK MOKA3aHO B aHHOM 
paOoTe, H MMKPOCTpyKTypa KJIMHKepa. 


TaOauna 4 


Muunepamoruy. cocras PasMepbl 3epeH KMHKepHBIxX 
KJIMHKepa, % MUHEpasioB, wv. Iipenen 
mpouHoctTu 
S aut 6eNUT se o6pam 
© Konuy. qo6anoK, % nooner aes | a OB nmocse 
a TOUHOe = | S 28 Hel 
E c g BellecTBO | op | yo 3 ° oT | 20 a 0 base 
i a Ss &5 Rom) 
ir = (05810) 
4 Bes 406aBoK 69 | 19 16 stay |) eX) AO Pe ll Sil oR 240 
Z Crim 4G Hay | ay 14 Asya 40) (am 0) 0 a fe @ fms 20 tu 90) 122 
3 P,05 ORS 68 | 16 16 thay || A) Bul Mech MARAG: Te 286 
4 V.Os 0) 61 | 24 18 DS aon JO 54150 He 308 
5 BaO ibs) HOM AS: Ae, Als). || Ac) 387 | sa MAO 270 314 
ee SS (O15 
6 Bes jo6aBoKk DPN ays 24 AOD | csksxi 1) Za ay BS 147 
iB GHOs “ab 16 | 64 20 39 1100) 85 aro) ilcay|) 8} 142 
8 P05 OFS Zia) || BD DED WAS) oul 20 CEN TS IAG 196 
i) V0; 1,0 26 | 04 19 Ai | iil 23 BO We) Be 220 
10 BaO 12 @ ZOO 20 ‘Wey || ayy ax0) Se 68) 955 243 
ioe == (0,07 
A Bes 4o6aBoKk — | 70 30 —|—|— 26 | 78 46 7s 
12 Creg03 1,5 — | 73 27 —|—| — 32 | 90 DO 3 
43 P3,05 OFS — | 74 26 —|/—|] — FAQ) |e Gaye: 40 29 
14 V2.0; 41,0) — | 74 26 —|{/ —/|] — 26 | 69 00 40 
45 BaO A Py |i thik 29 TE MO) CEU) ee 7171 5 91 
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Muxpocrpyktypa u3y4aiacb HAMM B NOJIMpOBaHHbIX aHIIMdax C MOMOLLbIO 
MeTaJIOrpapHyecKoOro MHKPOCKONa B OTParKeHHOM CBeTe. TpaBueHHe aHliH- 
(poB MpousBoyHnoch 0,25% pacTBOpOM yKCyCHOH KMCJOTHI. 

Muxkpockonnyeckomy aHau3y ObWIH NOLBeprHyTbI OOpasibl KsIMHKepOB 
C yKa3aHHbIMH 2OOaBKamu vu Oe3 HUX. KauuKeppl xXapaKTepu30Bamnch KOdp- 
PHUNeEHTaAMM HaCbIILeHHA KpemMHesema H3BecTbIO 0,9; 0,75 u 0,67. Pesyapratnl 
MHUKPOCKOMNMYeCKOCrO HCCIelOBaHHA MpHBeAenbI B Tad. |. 

IIpupegenupre B Tab. | WaHHbIe MOKA3bIBaIOT, YTO MHHeEpamoruyecKkne CO- 
CTaBbI KJIMHKEPOB C WOOaBKaMu uM 6€3 HHX MAJIO OTMMYAIOTCH Apyr oT Apyra. 
Bmecte C TeM, CTAHOBUTCH OUCBHHO, YTO BBEAeCHHE HEOOMbINMX KONMYECTB yKa- 
3aHHBIX OOaBOK CYLIECTBEHHO H3MCHACT MHKPOCTpPyKTypy KJMHKepa. Sto u3- 


Puc. 1. Kauuxep Ne | Ky; = 0,90, 6es Puc. 2. Kaunxep Ne 2 Ky,= 0,90, c qo6an- 

jmo6asku. Meike TeMHbIe 3epHa — Kol 1,5% CreOg. Temubie Gombume sepHa — 

aJIMT;  CBeTIbIe NOx — MpoMexy- aut;  CBeTIbIe  NOA — MpomMexyTouHOe 

TOUHOe BellecTBO. OTpaxKeHHbIlt CBeT; BemlecTBO. OrpaxKeHHbili cper; 400 « 
400 x 


PHEHNE 3aKJOUaeTCA B YBEJIMYCHHH PaSMepOB 3epeH MUHEpauoB. (1,5—3 pasa 
|Gomee) HB MOABJCHHH 3HAUAMTeIbHOH Mopucroctu. Kpome Toro, Kpuctamapl 
HTa HW OeHTa KJIMHKepoB C LOOaBKaMM CaMM OTMMUAIOTCA BeECbMa PbIXJOM 0- 
bDXHOCTbIO TPaBJIEHHA, TIO CPaBHeHHIO C KMHKepamu 6e3 WOOaBoK (puc. Q). 
| Han6ouee Kpynuble 10 pasmepaM KPHCTAaVIJIbI OTMCYEHbI B KJIMHKepax C O- 
mBkow 1,5% CreOs. TI]pu wamwunuu mocueqHei, pasMepbl KPHCTaJJIOB amuTa 
|OOJIbLIHHCTBe CBOeM jlocTHratoT 85—100 yw, B TO BpeMxA, KaK 3epHa amuTa 
lmHKepa 6e3 106aBOK UMeIOT pa3MmepE! TONbKO OT 10—15 pw ZO 33—89 pw. Pas- 
bpbr 3epeH GeuTa BKsIMHKepe c ROOaBKOH 1,5% Cr2Os qoxonat no 115—120 p, 
bu pasmepax OoJIbUIMHCTBa KpucTami0B 83—90 p (6e3 BoOaBoK — TOMbKO 
| 5497 uw mpw pasmepax OoubuiMHCcTBa 38—62 LL). 

| Jleticrsue yo6aBox P2Os, V20s u BaO B STOM OTHOUICHHH HECKOJIbBKO MeHee 
paxKeHoO, XOTA MX MPHCyTCTBHe 3aMeTHO CKa3bIBaeTCA Ha Pa3Mepax 3epeH 
HHKeEPHbIX MHHEepaJOB. 

B mpucytcrsuu V2Os u BaO 3epua aluta M00 He H3MCHAIOT CBOUX pasmMepos, 
\00 HECKOJIbKO YBeIMYMBAaIOTCA, OCOOCHHO, CCIM CYAUTb 0 pasMepaM CoOuIb- 
HHCTBA 3epeH. SepHa xe OenuTAa JOCTHTAIOT 3eCb BeECbMa OOJIbINMX PasMepos, 
| cpaBHeHMio C sepHamu OenuTa B KIHHKepe Oes WoOaBoK (puc. 3). Handomee 

KO 9TO HaGwIOLaeTCA B KIMHKepax C Ky; 0,90, rae 3epHa 6emHTa JOCTHTaIoT 
BMepow 110—155 uw. 
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TIpu Ky 0,9 40,75 no6asKka 0,3% P2Os, qatoulen TBePJbIii pacTBOp B OesHTE, 
HECKOJIbKO YBe@IHUMBaeT KPHCTAaJJIbI NOCMeLHErO. 

B kamukepax c Ky 0,67, B KOTOpbIX 10 pacueTHbIM TaHHbIM C3S JOJKeH OTCYT- 
CTBOBaTb, Ip nodasBKe 1,5% BaO naOmogaetca 10 2% KpUCTAaJIJIOB CXOJHBIX 
c CaS. Takue sepa O4eHb YeTKO BEIKPMCTAM/IM30BaHbI NOYTH MpaBHJIbHbIMH 
WWeCTHIPpAaHHHKaMU, Pa3MePbI KOTOPHIX BeCbMa YBeJIHYCHbI MH MOCTHTAIOT 150 p 
(puc. 4). 

IIpu paccmoTpeHuu B MOJApPH3aMOHHOM MHKPOCKONe KJIHHKepa C Ky 0,67 
B ipucytcrsuu oGasku 1,0% BaO 3epHa aluTa He OblWuIH OOHAPYyKeHBbI. He 
HCKJHOYeHO, UTO HaOwOLaeMbIe B OTPaxKeHHOM CBeTe KPHCTAVJIJIbI WWeCTHTpaHHOY 
(POpMbI ABJIAIOTCA HE AJIMTOM, a C€MMTOM B €fO BbICOKOTEMIIEpaTyPHO MOJLU@U- 
Kalu. ; 


Puc. 3. Kanuxep Ne 4, Ky, = 0,90, c n06aBe Puc. 4. Kawuxep No 15. Ky,=0,67, c qo6ar 
Kol 1,0% V2O5. Temupbie MesKue 3epHa — KoH 1,5% BaO. Kpuctann wecturpaHHo 
aNlMT; CBeTMO-cepble KPyNHble 3epHa— 6esuT; (bOpMbI — aJIMT; TEMHbIe OKPYyrvible 3epHa — 
TOHKHe Oeble mOsOCKH — MpoMerkyTOUHoe OeHT, CBETJIbIe NOMA — TpOMexkyTOUHOCe BE 
BeWecTBO. OTparkeHHbIH cBetT; 400 x mecTBo. OrpaxkeHupli cBet; 400 x 


Bepna OesmTa B KMHKepax c Ky 0,67 c TakMMH 2%Ke NO KOMHYeCTBY 100aE 
Kamu P2Os, V2Os u BaO uMmeloT, IpHMepHO, TaKHe Ke pasMepbI, KaK UH B KJIME 
Kepe 6e3 yKa3aHHbIX JOOaBOK. OTO cueqyeT NPMMNCaTb pe3sKOMY YBeMUeHHI 
KomMyecTBa C2S mpu Ky 0,67. 

Ha OCHOBaHHH MPHBeACHHBIX HCCMIELOBAaHHH MOMKHO 3aKJIIOUNTb, YTO pak 
Mepbl KPHCTaJIJIOB alHTa H OeluTa B IpucyTcTBuM WoGaBokK Cr2Os, P2Os, Ve 
u BaO MOryT Np ONpedeueHHbIxX yCJIOBHAX 3aMeTHO YBeMUHBAaTbCA. OueBy) 
HO B HpHCyTCTBHH YKa3aHHbIX BOOaBOK cosqaeTcA OmaronpuanTHad cpena Aw 
KPHCTaJIM3alMu HW Wabneiero pocta KJMHKepHbIX MuHepanoB. IIpu 93To 
OTMeyaeTCA JOBOJIbHO YeTKaA MH MpaBHJIbHad (OPpMa KPHCTAJIOB KJIMHKef 
(puc. 1—4). 

Kak BHHO H3 TaOs. 1, yBemH¥YeHHe THApaBIMYeCKOM AKTHBHOCTH KJIMHK 
pOB IIpH yKa3aHHbIX 39eCb ycuioBuax (oco6eHHO c OOaBKamu BaO u V20 
MO2KET JOCTHaTLCA MW MPH OMHOBPeEMeCHHOM YBeEIHYCHHH Pa3sMepoOB KpHcTaO 
XOTA C OOLLENPMHATOM TOUKH 3peHHA Ia 9TOTO HEOOXORMMO yMeHbIIeHHe 
pasmepoB. Cka3aHHbIM J@MOHCTpHpyeTca S3HAYeCHHe CTPyKTYPbl KJIMHKEPHE 
MHHepaJlOB Jit HX TBeEPWeHHA. 

OTO ABJIEHHE CJleLyeT OTHECTH 3a CUeET NOJYYCHHA KJIMHKEPHbIX MHHEpasO 
B lepByl0 ovepeb CeMTa, B OOlee AKTHBHOM COCTOAHHH, YTO ABJIAeTCH pesya 
TaTOM OOPasOBaHHA TBEPAbIX PACTBOPOB, OCOOCHHO MEXKAY TBYXKaJIbIMeBE 
CHJINKaTOM HM yKa3aHHbIMH WOOaBKamu (°, 4). 
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YcKOpeHue pOCTa KPHCTAaJVJIOB CHJIMKaTOB KaJIbILMA, OYCBHIHO, MOXKET ObITb 
.OYCIOBJIEHO YBeIHYeHHeEM TO BIHAHHeEM OOaBKH Y@JIbHOH CBOOOAHOH To- 
3EPXHOCTH SHEPIHH Ha *a3s0BOl rpaHue KpHCTa — pacniaB, yMeHbILeHHeM 
BASKOCTH H H3MCHCHH€M CTPOeCHHA CHJIMKATHOrO paciiaBa B CTOPOHY HaHOoub- 
nero oOpasoBanua cuOoTakcuyeckux O6sactTel, OMxKHUM NOpAqOK KOTOPBIX 
\TBeYaeT TAKOBOMY CI€Kalolleica TBePOH (pasbt. 

BpICOKOBaJICHTHbIE KATHOHbI OOaBOK MpHTArMBawT K CceOe KHCJIOPOAHbIe 
AHHOHbI OT KATHOHOB KaJIbituA. BaO, oTqaBan CBO KUCOpO, KpeMHeEKUCOPOL- 
ibIM KOMMI€KCaM, ApoOuT Mocequue. To 4 Apyroe JomKHO Obit Onarompuar- 
HIM JIA MOCTPOCHHA PeICTKH H KPUCTAWIN3SalMn OpTOCHUKAaTAa, OTHOCALLero- 
of K OCTPOBHOMY THI. 

Tlopbiiienve MpOuwHOCTH MpOLyKTOB TBEPAeCHUA MIpH BBELCHHH OKHCJIOB, OCO- 
JeHHO NATHBAJICHTHDIX KATHOHOB, HECOMHEHHO CBA3aHO C BOSHHKHOBeHHeM Je- 
peKTOB B pellieTKe TBepAOrO pacTBoOpa THMa KaTHOHHBIX BakaHcuh. B cayyae 
Ke BBeJCHHA BeCbMa KPYIHbIX KaTHOHOB OapHaA B3aMeH Ca** a9Heprua CBa3H 
KaTHOHOB C KHCJIOPOAOM AewaeTcA MeHbule. B pe3ymbTaTe SHeEPrua pellleTKH 
CHJIMKaTa YMeHbIUAeTCA WH OH JeaeTCA XHMMYeCKH Oosee AKTHBHbIM K PeaKILHH 
rp atau. 


XapbKOBCKHH MOMMTeEXHUYECKHH UHCTHTYT Tlocrynuo0 
um. B. H. Jlenuna 7 WW 1959 


UMTHPOBAHHAS JIATEPATYPA 


wile rap mo... Llement,. Neo4 1 (1955)5 2 TB. Ky K.oa-e BM ee Mueup = 
HuxK, Iement, Nel] (1956). *M.T. Meabuuk, Tp. XappKopck. NOMTeXHMY. HHCT. 
wm. B. W. Jlenuna, 17 (1958). *T.B. Kyxonmes, M. T. Menpuukx, JAH, 109, 
Ne 5 (1956). 
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Jloxnanes AKkaweMun Hayk ECG P 
1960. Tom 132, Ne 1 


TEOJOPHA 


r. Ji. BEJIBFOBCKHM u JI. A. 9KTOBA 


HOBbIE JJAHHDIE O TEOJIOFHH MAJIEOSOMCKUX OBPASOBAHHM 
XPEBTOB CAYP, CAMKAH, MAHPAK H BOCTOUHDbIN 
TAPBArATAH 


(IIpedcmaeaeno axademuxom JI. B. Haauexunoim 16 XII 1959) 


OcHOBHBIe CBeeHHA O TeosOrMyecKOM CTpoeHuH xpeOroB Cayp, Calikan, 
Maupax u Bocrounpit Tap6aratTali npupegenbt B padorax B. A. OOpyuesa 
(°) w B. TI. Hexopoumesa (*). Hocae onyOnuKoBanusd STHX TpyOB KakuXx-J1H00 
pa6oT C U3JIOXKCHHeEM HOBbIX MaTepHaJIOB B WeyaTH He MOABJAIOCb. B HacToA- 
mel CTaTbe H3saraloTca HOBbIe JaHHbIe WO CTpaTHrpaduu WM TeEKTOHHKe Maveo- 
30HCKHX OOpas0BaHHli yKa3aHHbIX XpeOTOB, CYHICCTBEHHO JONOJIHAIOWIMe HMelO- 
WvecaA MpescTaBJieHua. 

Cua yp—HuKHUH ReBOH. J[peBHeHUIHMM OTJOXKECHHAMH ABIAIOT- 
CA HOPOLbI BepXHeCHJYPUHCKOrO — HHKHEJEBOHCKOFO BOspacta, OOHAKalollHe- 
Ca Ha BOmopa3qene pp. Uaran-o60 nu KoOyxk, MpeycraBuieHHble CJIOHCTHIMU 
XJIOPHTOBBIMA CJIaHiaMH HM XJIOPHTH3MPOBaHHbIMH aJIEBPOJIHTaMH 3eJIeHOTO 
uv OOpQOBO-KpacHoro IlBeTa C MPOCJOAMM CePbIX OKPECMHEHHHIX CJIAHICB HU JNH- 
JOTH3HpOBaHHbIX Nopdupntos. TloyqoOunre nopoyb xp. Maitmu-JKaup B. A. O6- 
pyyes (°) OTHOCHT K CuuIypy H HuKHemMy ZeBoHYy. MouHoctTb oKoo 1000 M. 

Cpeauuli—Bpepxuukh esBon. Ilopogsbl WeBoHa wWupoKo pac- 
IIpOcTpaHeHbI rloro-BocTouHee rf. Galican. B ux cocTraBe pa3BUTbI WHadasoBble 
NOP@UpuTh, HX Tybl, arvioMepaTbl WH pexke — H3BeECTKOBHCTHIC MeCuaHHKH 
ajespouuTEl. B TydcbuTaxX M3 BepXHeH YaCTH CBUTHI Haliqenpt Charactophyllum 
cf. antiquum Soshk., Pseudoamplexum sp. n., Thamnopora ex gr. reticulata 
(Blainv.) sfcdembexoro Bospacta (H. HW. Cnaccku) u Atrypa cf. reticulata, 
Productus (Avonia) spinulicostus Hall., Spirifer cf. kosak Nat., Athyris cf. 
angelica Hall., yKasprparoumue (A. I]. Porat) na pepxu cpequero uM Hu3bI 
BepXHero WeBoHa (Malickue COM)... ...... . Mouryoctp 900 Mm. 

Ha xp. Bocr. TapOararai, B Tydomecuanukax, Opin Hagen Schellwie- 
nella ex gr. umbraculus Schloth., Productella cf. spinulicosta Hall., Atrypa 
independensis Webst., Brachyspirifer seid Nal., yKa3prBatoujue Ha BepxXH 2KH- 
BeTcKoro sapyca (M. A. PoxoHcHuKkas). 

BepxuetypHelickne OTIOXCHHA IWMPOKO pasBUTbI B3alaqHol uacTu xpe6ra 
Cayp, Te TpancrpeccuBHo HaJeraloT Ha Nopogst ZeBoua. Ilo mutosoruyeckomy 
cocTaBy OHH J[eJIATCA Ha Be TOM, OOmeH moutHOcTHIO B 1000 m. 

Hwkusa C0xKeHa MOOCUaTHIMA KPeMHHCTHIMH CaHWaMH rosmyOoBaTo-3e- 
JieHOBaTOTO IBeTa. BepXHaa — CepbIMH H YCPHbIMH PIMHUCTbIMU HW KPeCMHHCTHIMHA 
ClaHiaMu, TyPaMu, H3BeCTHAKAMH, MecuaHuKaMH WM MHPpOKCeHO-MarnoK1a30- 
BbIMM Topduputamu. B UWsBeCTKOBNCTHIX NecuaHHKaX OblIuM coOpanb Spirifer 
aff. tornacensis Kon., Spirifer sp. ex gr. plenus Hall. (?) u mmanxu Tabuli- 
pora sp., Batostomella sp., Fenestella multispinosa Ulr., Polypora sp., Pin- 
natopora sp., Rhombopora aff. attenuata Ulr., Nikiforovella cf. kasakhstanica 
Nech., Sulcoretopora dichotoma (Nikif.) Bepxuerypuelickoro Bospacta (ompe- 
menenne B. I]. Hexopoutesa). 

Busehckue oTHOKeHH A. ManpakcKkKaaga CButa. Im 
poko pa3sButa Ha xp. Manpak u CylaraeTCA pOroBOOOMaHKOBO-IWarvok/1a30BbIMA 
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MMPOKC€HO-IlarHOKMa30BbIMU NOppupHTaMuv uM UX TydpaMu, C Mpocsosmn Ty- 
OMeCuaHHKOB HW Tydoaromepatos. Tlopogp cBuTbl c HecoriacHeM HaJleraloT 
a MOACTHMAIOULMe OTIOXKEHHA M MepeKpbIBalOTCA (bayHHCTHYeECKH OXapaKTepH- 
OBAHHBIMH OTJOXKCHHAMH Kyp2KyHOauCKOH CBHTbI BU3elHCKOrO BO3pacTa, uTO 
OlpeesaneT HX CTpaTHrpaduyeckoe mowowKeHHe. MouyocTb cBuTst 400 m. 
Kyp*xyHOatickaa cButTa. [lopoge cBute O6naxaiorca B sOC- 
OYHOH YacTH xp. Cayp M Ap. H NOBCeMeCTHO MMEIOT HOpMaJIbHBIM crpaturpa- 
MUCCKUM KOHTAKT C NOpO,aMu MaHpakcKoli CBuTHI. B OCHOBaHHM CBUTHI 3aule- 
alOT CIOMCTHIe Ty(bl, YepelyroulMecA C TOHKMMH MauKaMM [IMHHCTbIX CIaHeB 
-MJaCTOBbIMH 3a1exKaMM MoppupuTos. Bepxutow yacTb pa3spesa CilaraioT mop- 
MPUTbI, TYPbI UM TyPoarsomMepaTs! ¢ peAKHMHM MpOCOAMM aeBpOMMTOB u Ty- 
ONeCcuaHHKOB. B NocweqHHX, B BepXOBbAX p. KypxynOail, Onlin Haliqeupi 
honetes dalmaniana Kon, Spirifer sp. n., Productus (Dictyoclostus) cf. 
isulptus Muir-Wood., Buselickoro Bospacta (A. IT. Poraii). H3 stot xe Ton- 
Mw coOpanb oTmeyatKu cf. Lepidodendron kirghisicum Zal., Siberiodendron 
., Calamites sp. Buse-Hamiopckoro Bospacta (I. I]. Pagyenxo). ... . 
EES 1s Wetitiwdoul- Tee aes seoamitinne MommocrercanTE 900k 
Cpenquut KapOow. Sprus6ahcKaan cButa. Canta wupo- 
0 paciipocrpanena ua xp. Cayp, Calikan u Manpak, rme c yrvioBbim Hecorva- 
HEM HaleraeT Ha MOPOAb! KypKyHOalcKOH CBUTbI BH3e H JPYrHX CBUT Mameo3os. 
a xp. CaiikaH B OCHOBaHHH CBHTHI 3aleralor Mar MOK a30BbIe NOPPUPHUTHI Cc Mpo- 
IOAMM MOJIMMUKTOBbIX IleCUaHHKOB H TYOB. Bolille pasBuTbI Oasa/bTbl, AHC3HTHI 
AHJe3HTO-Oa3aJIbThI; BCTPeYalOTCH MIaCTOBBIe 3aIe@oKH AHeSHTOBbIX NOpdpupu- 
DB, AHaGa30Bble NOpdupuTst u ux Tyce. B pepXxuel vactu paspesa mpeocbmaqaiwr 
IbOUTOPUPL! H KBaplleBble MOpdupuTs! u ux Tydpt. MoulHocTb CBUTbI H3MeH- 
i Ha xp. Calikau ona paBua 1500 M, ana xp. Manpak ue mpespuuaet 500 m. 
TyonecuaHuKax CBUTbI Ha Pp. JlapaHaoseHb OpiiM coOpaHb Paracalamites 
., Belonopteris mongolicum (Zal.) Radcz., Belonopteris kirghisicum (Tschirk.) 
ies Angaridium tologoicum Tschirk., Angaropteridium  cardiopteroi- 
ses (Schm.), Angaropteridium grandifolialatum Zal., Angaropteridium trigo- 
liatum sp. n., Ginkgophyllum kalbicum Tschirk., «Elatocladus» kassaga- 
schika (Tschirk.) Krysht. 
| I. I]. Pagyenko yKa3pipaet, YTO JaHHbIlt KOMMIeKC O1M30K K c:biope, onu- 
BHHOM u3 KanOn1 E. ©. UnpKkosolt, uw umMeeT MHOro OOmLero, MaKe pA TOX- 
©CTBCHHbIX (OPM, C tbAopoH uepHoropcKoOH cBuTs! MunycuucKoro Oaccelina, 
TOpad conocTaBsAeTcA C BePXHel YaCTbIO Ma3ypoOBCKOHM TomyAH Ky3HeyKoro 
accelina. Ilo muenuto I. []. Pagueuxo, sta duopa yKa3blBaeT Ha BepXu cper- 
ero KapOoua, HOO CaMble HH3bI BepXHero KapOona. 
| -Twxemenetickaa cBuTAa. B Mpegenax onucpiBaeMbIX XpeOToB M0- 
Dbl CBUTHI PacMpOCcTpaHeHbi WIMPOKO UM SasleratoT C yIVIOBbIM HeCOrlacHeM Ha 
DACTHMAIOULAX OTIOKeHuAX. B OCHOBAHHH CBUTa CJIOKeHA AHAC3HTOBLIMH MOp- 
APHTaMU, ambOuTopupamu wu ux Tydamu. BepXuaa yacTb pa3spe3a MpeycraB- 
PHa [payBaKKOBbIMM MeCuaHHKaMH, KOHTrOMepaTaMH, Tyoarjomepatamu u 
DruiuiuTaMu c oTmeyarKamu Paracalamites sp., Sphenopteris sp., Angaro- 
iteridium sp., Gondwanidiumcf. petiolatum Nekh., Angaridium sp., Noeg- 
prathiopsis cf. theodori Tschirk. et Zal., Samaropsis sp. (ompeqemenua 
B. Cyxopa), XapakTepHbiIMM JJIn HWKHeH YaCTH aJIbIKaeBCKOM Mo_cBuTEI Ky3- 
FamOroNn OaCCelinan si. s sou ero. » . . ~ Mompocrb -600—1000 m. 
Onucanne Mameo30lcKux OTIOKeHHH Soee MOMOROTO BOspacTa, PasBUTbIX 
eumyluecTBeHHo B KexyepsbiKcKoli MyJIbge, B HaCTOALeH CTaTbe He MPHBO- 
TCA, TaK KaK OHM yxKe MospoOuo omnucanpt B. K. Bacnaenko (°). : 
Hue u3uaraioTcd HOBbIe JaHHble, CBUeTeIbCTBYIOULMe O BepXHellaeo3ou- 
KOM BO3pacTe caypCKOro MHTpy3HBHOrO KomlWieKca Ha Caype. 
| B psocrounoi wactu xp. CalikaH MHTPy3HA CHECHHTO-AHOPHTOB MpopbiBacT 
PIMLY OCaLOUHO-BYIKAHOreHHEIX HOpoy (oTHOcuMy?0 B. ge Hexopomessm (°) 
HWKHeEMY BH3e) H, B CBOIO OYepeb, NOKPbIBaeTCH MaYKOH KOHTIOMepaToB, 
Hpavlenu3yeMOH yKasaHHbIM ucceqoBaTesem (?~°) C BHYTPHOpMal\HOHHIMH 
IPpXHeBH3eHCKMMM KOnToMepatamu KanOpi ur. ApKayst. OgHako BuselcKne 
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oTuoxKeHHa Caypa M0 BellleCTBeHHOMY COCTaBY COBepLIeHHO HE CXOJHbI C MOPO- 
qamu xp. Calikan, IpwnagvexkauluMu Sprus6aicKon CBHTe, CpeMHCKAMCHHOYTOJIb- 
HbIit BOSPaCT KOTOPOH OTYETINBO yCTAHaBJIMBaeTCA NPHBECHHBIM BBILMe CIHHCKOM 
pactenul. Wutpy3a CHeHHTO-ZHOpUTOB NpOpbiBaeT STH OTJIOKEHNA B HalpaB- 
JICHHM, MOMepewHOM K MpHCyWHM HM MIpOcTMpaHHAM, UTO OTYETIMBO BHAHO B 
ypounme Mahunsex. ; 

Buixoq Ha p. OOalinn: (cepepHbiii cKnoH xp. Calikan), TIpMBOMMBIM (Gia 
B KayecTBe OOpasila TpaHcrpeccHBHOrO HaJleraHuaA KOHTVIOMepaTOBOH TOJILIH - 
BeEPXHCBHSEHCKOFO BO3paCcTa Ha Pa3MbITY!O NOBEPXHOCTh CHEHHTO-TMOPHTOB, 
UMeeT COBepwIeHHO HHYIO reoworuyecky1o Npupoxy. Ha mpasom cKsone p. OOak- 
Jbl, IPOTHB CTaporo Ka3axckOro KaqOula, OOHAKAeTCH MaYKa KOHTJIOMEpaTOB 
C OUeHb XOPOMIO OKATAHHOM rasbKoli u rabiOamu, WocTuratouamu | M B Nomepeu- 
Huke. TambKa KOHrIoMepaTa O¥eHb pasHooOpasHad. B. I]. Hexopomes yka3pi- 
BaeT Ha IIpHCyTCTBHE 3feCb OHOTHTOBOFO PpaHOAMOPHTAa, POZOBOTO CHEHHT-IHOPH- 
Ta, POrOBOOOMaHKOBO-OMOTHTOBOrO TpaHuTa, MsACO-KpacHOro MHKpOrpaHHtTa, 
%KWJIbHOrO TpaHuTa, ceporo KBapweBoro Nopdupa, ambOuTopupa, ebsuTa, 
aHJe3HTOBOrO Mopduputa, albOuToBoro nopdpuputa, AHopuToBoro Mopduputa, 
Tyda KBapueporo abOuTopupa u Tyda op@uputa. B ZonoWHeHHe K STOMY 
cHucKy CleqyeT WOOaBUTb MMPOKCeH-WarHoKMa3OBbIli MOppupuT u TyPbi anye- 
3HTOBOTO HM KBaplleBoro MopupHTos. 

Bea mauka KonrioMepata uMeeT MoUtHOCTb B 15—20 mM u MpoTaruBaetca 10 
CKJIOHY p. OOatinpr Ha 40—50 Mm. Ilanenua B KOHTIOMepaTax OTYETJHBO He BUHO. 
HenocpeycTBeHHO HH2Ke UX (6€3 BHAMMOFO KOHTAKTAa) pacnouaraiorca Naneoan- 
J@3HTbI MOLULHOCTbIO OKOIO 15 M, a elle HH*KEe TYbI 3eeHOBAaTO-ceporo IBeTA, 
MOLLHOCTb KOTOPbiX MPeBbIIMaeT HECKOJIbKO JCCATKOB MeTpOB. Ha Cepepo-BocTOKe 
M BOCTOKe [auKa KOHTJIOMepaTOB OFpaHHYHBaeTCA BbIXOMAMHM CBETVJIO-CepbIx 
KOHTAKTOBOH3MCHEHHBIX KPHCTaJIHYeCKHX MOpOR, KOTOPHIe BbIMWe MO CKJIOHY 
CM€HSIOTCH PO3OBbIMH CHEHHTO-AMOPUTaMH, CularalolulMMH OCHOBHY!O Maccy BCelt 
HHTPY3HH, MpoOppiBarouleH BOCTOUHyIO uacTb Calikana. 

KoursiomepaTpnt Ha p. Odalinpr ur. ApKaysI coBpepwieHHO He cxofHbl. Ha 
p. OOaiisbr OOHaxKatoTCA, MO CyULleCTBY, BaJIYHHbIe HATPOMOKACHUA, HA KOTOPHIe 
BHYTPH(OpMallHOHHbIe Mpocson KOHTMOMepaToB r. ApKaya u Kan6p HH B KOew 
cTeneHH He NOxoxH. KonrsomepatTbi Ha p. OOalisbr IpexcTaBMAIOT COOOI0 TOJI- 
Ily OYeHb rpyOoro cORKeHUA, B TaibKaX KOTOPOH B H306HIHH BCTpeyaloTcA BCe 
pasHOCTH NOpO, THMMYHbIC WIA CpeHeCKAMCHHOYTOJbHbIX OTIOKeHUH Caypa. 
SameraHve KOHTJIOMepaTOB B BHA «MpHCIOHeHHA» K KPYTOMY CKJOHY KaKOro- 
TO I peBHerO pesmbedba HABOAUT Ha MbICJIb, UTO OHH MOJIOMKE, YeM NaeosoucKue. 


Bcecoro3Hblit Hay4HO-HCcC Ie qOBaTeJIbCKHIt Tlocrynusio 
TeOJIOPHYeCKHH MHCTHTYT 10 XII 1959 


UWMTHPOBAHHASA JIATEPATYPA 


1B. K. BacuaeuxKo, Yronbyoe reon. coBell. 2-e, Jlenuurpag, 1955, Tes. noKa., 
Usy. AH CCCP, 1955. * B. Tl. Hexopomes, Xpe6er Cayp, 1941. * B. i. Hes 
xopomes, Cos. reom., Ne2 (1944). *B. Il Hexopomes, Oco6ennocru reono- 
rayeckoro cTpoenua Asta mu ero tro-3anagHol nepuepuu, 1954. 5 B. Tl. Hexopo- 
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FEOAOTHA 


Mr. B. BACHJIDEB 


OTNEYATKH PACTEHHKM W3 HEOPEHOBDIX OTJIODKKEHUM 
BEJIOPYCCHH 


(Tpedcmaereno cKkacemuxkom J. B. Haauexunoim 9 I 1960) 


B 1957 u 1958 rr. A. I. Bep nmepeqana nam pBe HeO6omblIMe KOITeKUMH 
THEYATKOB TPCTHUHbIX PaCTeHH, OTOOPAHHBIX H3 KepHa CKBaxKHH, MpoOypex- 
bIX B 10%KHOH yacTH Benopyccun Ons rr. MBanoso, Topogen, Jlynunen, Kpac- 
aa Cno6oqa, Mosuipp, Craipp-loppinb, Crapo6un. 

Cpeqenua 0 HeoreHoBOl dope Bexopyccun BecbMa ckyfHbI. Onn orpanu- 
MBaloTCA JIMUIb HECKOJIbKMMH paOOTaMH, OCHOBaHHBIMH Ha JaHHbIX CMOPOBO- 
BIIbIeBOrO aHamM3a. C. C, Manpikun ('), W3yuaBLIH CNOpOBO-IbIVIbIeBbIe 
ommuekcht BCCP, ormeyaet, 4TO B MHOMeHe Ha TeppuTopuu Benopyccun roc- 
ONCTBOBAJIM UIMPOKOJIMCTBeCHHbI€ MH CMEIaHHbIe Jieca, CMeHMBLINe cyOTpomn- 
eckwe MOJITaBCKHe FpyNMHpOBKH B CBxA3H C HaCTYNMBIIMM MoOxosO,annem. 
} Apyrok padore (?) TOT Ke aBTOpP JaeT NalMHOMOrMYeCKy!O XapakTepucTuKy 
TMOMKeHUH OyyaKCKOFO, KH€BCKOFO HM XaPbKOBCKOFO APYCOB, a Take MOITAaB- 
KOH CBUTbI. CrpaTurpadua TpeTHUHbIX OTMOKeHHH Benopyccun paspa6otana 
me Jaeko HesocTaTouHO. OO6 STOM CBHJeTeIbCTBYeT XOTA Obl TOT (akKT, YTO 
NOMAHYTad MOJITABCKad CBHTa BKJOUaeT B CCOA KOHTHHEHTAJIbDHBIC OTIOXKEHUA 
@ TOJIbKO BCerO MMOMeHa, HO HM BepXOB OvIMroueHa. C. C. Manpirkun (7) nmog- 
AZeAeT ITY CBHTY Ha [IBA TOPH30HTa: HHKHHH — TOPH3OHT CepbIxX KBaplle- 
DIX IIECKOB — H BePXHHH — TOPH3OHT CepbIX HW MeCTPOUBeTHHIX rIHH. B HHxK- 
eM TOPH30HTe TocnoycTByer Mblwibyja Taxodiaceae, BCTpe4eHO MHOPO IIbIJIbIBI 
inus, Cupressaceae, Picea, pexe momagaetca MbIJIbla MaMOpOTHHKOB H MOKPBI- 
ycemenubIx: Polypodiaceae, Gleichenia, Ophioglossum, Rhus, Castanea, 
yssa, Carya, Quercus, Carpinus, Ericaceae. 

B CHOpOBO-NbIbIeBOM KOMIIJIeKCe W3 BepXHero TFOpHsOHTa MpeocOayaer 
sibia Pinus u Picea; kpome Toro, O6Hapy2KeHbI CHOpEI HW MbWibya Polypodia- 
sae, Tsuga, Podocarpus, Sequoia, Cupressaceae, Alnus, Betula, Corylus, 
ss Fagus, Ulmus, Castanea, Rhus, Nyssa, Ilex, Salix. 

B mouorpaduu M. M. Ilanenxo u H. A. Maxuaya (*) cpeqenua o TpeTuy- 
DK PACTHTEIbHOCTH, OCHOBaHHbI€ Ha CMOPOBO-MbIVIbIeBbIX JaHHbIX, OrpaHu- 
HBaIOTCA IIMOWeHOM OKpecTHocTeH yep. [Iupamm Crapo6unckoro paloua. 
inep. Usun u Konunnpr TIuacxoro paiiona. B CrapoOuncKkom patoue mno- 
HOBaA PaCTHTeIbHOCTh MpescTaBAa COOOW CMeLIaHHbIe HW WIMPOKOJIMCTBEH- 
sie JIeCa C IIPHMEChIO TeMIONIOOMBEIX SJICMeHTOB, CJLyKalllMX YykKa3aHHeM Ha 
ene HW MATKHH KJIMMAaT TOFO BPeMeHH. 

Vimerommeca cBeqeHus, Tak %Ke KaK UM HallH JaHHble, O HEOreHOBOK (blope 
CP xkacatorca ulIb 10xKHOH yacTH Benopyccun. 

OrneyaTKH JIMCTbeB pacTenull COXpaHHJHCb BIMHaX, OOBIYO KOpHuHeBaTO- 
bIX, 3CJICHOBATO-CepbIX JO TEMHO-OypbIX, HHOTa HECKOJIbKO ONCCYaHeHHEIX. 
XPAHHOCTb OTMeUaTKOB MWWOXad; MOSTOMY JHU HeOOJIbINOe YMCIO MX MO]~ 
lerca TOUHOMY oMpeneneHuio. B pesyibTaTe O6paOoTKH MaTepHawa ObINM BbI- 
eHbI cleryiouue bopMpl (Mo MecTOHaXxOxKeHHAM) *: 


* Matepnan no ckpaxune Ne 161 Opin co6pan E. II. Bpyxc, 10 OcTabHBbIM MeCTOHAXOxK- 
uiam— A. I. Bep. 
WS 


1. Cxpaxkuna No 1 (k cepepo-sanagy or r. JIyHnnen; riyOuna 43 ,9—46,4 Mm): 
Phragmites Oeningensis A. Br., Phragmites sp., Cyperites sp., cf. Populus 
latior A. Br., Quercus ‘sp. n., Q. (2) sp., Phyllites sp. 

2. Cxsaxuna Ne 7 (Creipp-Toppib; odpasen, Ne 1539; rayOuna 25,0 M): 
Phragmites sp., Phyllites sp. 

3. Ckpaxkuna Ne 36 (Mpanozo). OOpasupt NeNe 1585 u 1591 (ray6una 51, 5M): 
Taxodium dulium (Sternb.) Heer, Taxodium sp., Pterocarya castaneifolia 
(Goepp.) Schlecht., Cyclocarya sp., Populus sp., Quercus sp., ‘Spiraea 
vetusta Heer, Phyllites sp. OOpasen No 1589 (ryOuna 49,6 m): Taxodium sp., 
Carpinus sp., Phyllites sp. cf. Ulmus L., Podogonium sp. cf. Podogonium 
Lyellianum Heer. 

4. Cxpaxuna Ne 53 (Topogen; rutyOuna 44,7 — 44,8 m): Taxodium sp., Ca- 
rya sp., Betula prisca Ett., B. sp. cf. B. Blanchetii Heer, Fagus sp., Ulmus 
sp. cf. U. carpinoides (Goepp.) Kréusel, Podogonium sp. cf. P. Lyellianum 
Heer, Leguminosites sp. (Caesalpinia?), Crataegus sp., Phyllites sp. 

5. Cxpaxkuna Ne 61 (Kk 1oro-3anany oT r. CrapoOun uM K CeBepo-BOCTOKy OT 
r. Jlynuneu; ryOuna 81,5—84,3 m): Populus attenuata A. Br. 

6. Ckpaxkuna Ne 75 (x wro-3anagy or r. Mo3pipb; ruty6una 27,0 — 27,5 m): 
Salix angusta A. Br. 

7. Ckpaxuna Ne 105 (« roro-Boctoxy or r. Kpacuaa Co6oqa; riyOuna 91,0 — 
91,5 m):(Salix denticulata Heer, S. varians Goepp., S. cf. Haidingeri Ett., 
S. cf. tenera A. Br., Populus sp., Phyllites sp. cf. Podogonium latifolium 
Heer, Leguminosites sp. (cxogen c Wisteria macrostachys Nath.), Ulmus cl. 
carpinoides Goepp. 

8. Ckpaxuna No 109 (kK roro-3anazy oT r. Kpacnan Cuo6oya). DnyOuna 72,3 M: 
Filicites (>) (weutyfika), Ribes (Grossularia?) sp., Phyllites sp. [ny6Ouna 74,3 M: 
Betula macrophylla (Goepp.) Heer, Salix varians Goepp., Leguminosites sp. 
Tuy6una 75,0 m: Coniferae sp. (oTaeIbHEIe HeOMpenesuMpIe xXBon), Betula 
macrophylla (Goepp.) Heer., Salix cf. tenera A. Br., Rhamnus (?) sp. 

Bee mepeunculeHHple (POPMbI XAPAaKTePHS3YIOT MPHOMHSHTeIbHO OJHY M TY Ke 
HeEOreHOBY!O TOMMY. OHaKO OObEAMHATH CIMCKM OCTATKOB PacTeHHH WM CUHTATb 
HX OMHOBO3PaCTHBIMH He MpeWCTaBJIAeTCA BOS3MOXKHBIM, TAK KaK OHM MpOHCxO- 
IAT U3 PasHbIX MECTOHAXOKCHHH, C Pa3HbIX rIyOHH HM HEPABHOLeHHbI MO CBOe- 
My COflep2KaHuioO: U3 OMHUX CKBa%KHH MOJYYeH KOMIVICKC PaCTHTeJIbHEIX (opm, 
B APylruxX Ke HafeHbl JIMUIb OMMH-2Ba OTMeyaTKa, MO KOTOPbIM HeJIb3A CyAUTb 
O BO3paCTe BMEILaONluX OTIOKeHuH. BecbMa BepOATHO, YTO BO3PaCT UX OU- 
HaKOB, HO C HOJIHOM yBepeHHOCTbIO TOBOPHTb 06 STOM Hewb3a. IlosTOomy KOM- 
IJI€KChI PACCMATPHBAaIOTCA HO OTe bHbIM CKBAKUHAM. 

Han6ouee NovIHO ManeoOoTaHHyeCKU OXapaKTepH30BaHbl CKBaxKUHEI NoNe 36, 
53, 105 u 109, pacnonoxenHpie BOu3u rr. MBaHoso, Topogen u Kpacuaa 
Cno6oqa. O1HAaKO UH 3jeCb BLIACHCHHBIN (:bIOPUCTMYeCKHH CNMCOK BeCbMa OeyeH. 
B oOutHxX YepTaxX OH CXOJeH C CapMaTcKuMu daopamu Mongasun (°) u AmBpo- 
cueBku (*). Hasmune B CucKe mpegcraButTenel cem. Leguminosae (Podogonium, 
Leguminosites) u Rosaceae (Spiraea, Crataegus) B oco6eHHOcTu Mo_yepKuBaer 
9TO cxogcTBo. Salix denticulata Heer uS. cf. tenera A. Br., otneuaTKu KOTOPHIX 
oOHapy2KeHbI B KepHe ckBaxkuHb Ne 105, cymlecTBOBaJIM JIMIUb B MuOeHe. Ta- 
KM OOpasoMm, MaTepua u3 cKBaxkuH NoNe 36, 53, 105 u 109 cBugerenbcTByer 
O MHOILCHOBOM BOSpaCTe BMEMLaOWIMX OTMORKeHUH. CXOACTBO MOYYeHHBIX CHuC- 
KOB C CapMaTCKuMu (bnopamu AmBpocueBKu wu MouqaBun NO3BONMeT JONYCTUTh 
BePXHEMHOLCHOBLIM (CapMaTCKHH) BO3pacT UsyYeHHOH cbsopni. 

Matepua u3 [pyruX CKBAKUH JOMOMHAeT CBECHHA O HEOTeHOBOL dope 
Benopyccnu. Tax, B ckBaxkuHe Ne 1 (JlyHuHell) O6Hapyxen OTHeuaTOK HOBOTO 
Bua Quercus, WoKa He ONHCaHHOTO, a TakxKe OTHe€YaTKU, BeCbMa CXOJHBIe C 
pacipocTpaHeHHbIMU B Maeorene u Heorene Populus latior A. Br., Populus 
attenuata A. Br., cymlecTBOBaBLIMMN B CpeqHeM HM 103qHeM MuOLeHe 3ananHoH 
EBponbl H H3BeCTHBIMH 43 CapMaTa MonaBHun H OMpeeueCHHbIMH M3 CKBaxKUHBI 
Ne 61 (Crapo6un). M3 cxBarkunpt Ne 75 (Mo3bipb) ompeqeneno OombuIoe KOWH- 
yecTBO OTMeuaTKOB Salix angusta A. Br. Oror Buy Obi WIMpoKO pacnpocrpaner 
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; MHOWeHe — MviMolene Sanaqnuoli Esponpi, u3secren u3 OMrouena 3anaqnoro 
}aK ABKASbA, NO3MHero MHOWeHa Apmenun, Mimonena PrOHot Cno6ompi na Kame. 
[akHM 00pa30M, TJIMHbI, B KOTOPbIX HaiijeHbI OTMeYATKH pacTeHuii, mo Bceli 
sMIMMOCTH, OTHOCATCH K BEPXHEMY TOPH3OHTY MOJITaBCKOM CBHTHI. OTH PIMHbI 
I€EPEKPHIBAIOTCA TVIMHHCTbIMM HJIM Wallle MeCYaHHCTHIMH MJIMOWeHOBbIMH HU UeT- 
3EPTHUHBIMH OTJIOMKCHHAMM, a NOMCTUNAIOTCA KOPHUHEBLIMH, OypbIMH HM 4ep- 
DIMM KBaPUWeBbIMH NeCKaMH HW KHeETO — CpeHerO MHOILEHA, JIeKallLMMH C pa3- 
{bIBOM Ha OTJIOXKCHHAX XAPbKOBCKOTO spyca. 

B pe3ybTaTe HaxXOJKH OTMeyaTKOB pacTenuli oTMOKeHuA, panee ObiBuiue 
IOUTH HEMbIMH, NOJYYHIM JONOHHTeIbHYIO XapakTepHCTHKy, NOATBEpxKal0- 
Wy!0 BEIBObI MaIMHOJOFOB O THNe pacTHTebHOCTH HeoreHa Benopyccuu. B To 
3peMA 3eCb ObIIM PaSBHTbI CMelIaHHbIe seca C yuacTHeM TaKUX TeMMOI00H- 
sbIX MOpOR, Kak Taxodium dubium (Sternb.) Heer., Pterocarya castaneifolia 
Goepp.) Schlecht., Ulmus sp., Quercus sp. u ap., T. e. @aopa Benopyccun 
3 Heorene Opiia CXOHAa C CHHXPOHHbIMU dopamu Ykpanuet, Mompapuu, 3a- 
TagHoH EBpombl W MO3QHEOIMTOWeCHOBLIMH HM PaHHeMHOLeHOBLIMU dopamu Ka- 
3axcTaHa uM SanaqHow CuOupu. CpaBuuBaa Halli JanHble C WaHHbIMH, MpHBe- 
JeHHbIMH B padote M. M. Ilanenko u H. A. Maxuay (4) oTHOCHTebHO Mamore- 
HOBOK dloppr BCCP, moxKHo cyenaTb 3aKOUeHHe, YTO Ha IMPOTAKeHHMU MO3I- 
Hero MHOWeHAa H MMOWeHa Puopa Benopyccuu coxpaHasia OTHOCHTEIbHO KOH- 
cTaHTHBIM XapaKTep, YTO CBUJETeIbCTBYeT O06 OUCHb MEJJICHHOM TOXONOLaHHH 
KIIMMaTa B TeYeHHe HeoreHa. 

O6uapyxXeHHbI KOMIIeCKC OTMeYaTKOB paCTeHHli 3 HEOTeHOBbIX (B OCHOB- 
HOM CapMaTCKHX) OTMOKeHHH Benopyccuu, XOTA MW HeENMOJIOH, (bparMeHTapeH HU 
JeeH BHAMU, HO BCe Ke NO CBOeMy 3HAYeCHHIO IA CTpaTurpaduu u maneoboTa- 
HHUKM CTAHOBHTCA B PAT C M3BECTHBIMH EBPOMeHCKUMH (lopamu H TpeOyeT HOBBIX 
HCCJICIOBAHHH WM NONOMHeHHH. 


Bcecow3Hbli Hay4HO-vccemoBaTeIbCKUH Tlocrynua0 
TeOJOPHYeCKHH MHCTHTYT 6 I 1960 


ILMTUPOBAHHAS JIMTEPATYPA 
| 1¢C.C. Manuxkun, Yu. 3an. Benopyccx. yuus., B. 28, 98 (1956). *C. C. Manu 
K HH, Tp. Mucr. reon. nayk AH BCCP, s. 1 (1958). 3H. B. umeunosa. Tp. Hucrt. 
reon. Hayk AH YCCP, cep. crpaturpaduy. u naneouton., B. 8 (1954). *M. M. Waneuxo, 
H. A. Maxuau, Aunrponorenosple ormoxenua Benopyccuu, Muuck, 1959S ee PR TA VATS leKsy 
60BcKaaz, Tp. Bor. uacr. AH CCCP, cep. 1, B. 11 (1955). 
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TEOAOT HSE 


WM. Jl. FOPLITEHH xu B. Tt. KOCTIOK 


HOBbIE JAHHBIE O COCTABE MMCTbIHCKHX KOHTJIOMEPATOB 
(KAPIIATDI) 


(ITpedcmaeaexo axademuxom B. C. Cobosesoim 26 XII 1959) 


B paspese momacc IIpeqKapnaTba H3BeCTHA CBUTA IIMCTBIHCKUX KOHTJIOMepa- 
TOB, KOTOpasd OTHOCHTCA K CaMHM BepXaM TOpTOHa — Hu3aM CapmaTa. Mottt- 
HocTb ee okoyio 400 m. B Ha3BaHHbIX KOHTIOMepaTax BHepBEle OOHapyxKena 
PaslbKa U3BepKeHHbIX MOPOA: COBEPLICHHO CBEX%KHX JIMMaPHTOB, KBapIeBbIX Mop- 
(bupos, rpanuToungzos. Haxoyka JiMMapHTOB OTKPbIBaeT COBEPUICHHO HOBYt0 YepTy 
ByKaHv3Ma B Kapnatax, rye BO BHelIHeH (nWeBO) 30He NOAOOHbIe MOpOsEI 
HeH3BeECTHbI HM Y HAC, HH B COCeqHHX cTpaHax. B CBa3H C STHM NOABHACb BO3- 
MOXKHOCTb B Me€pBOM MpHOIMKeHHUM CTABHTb BOMNPOC O CBA3H Pa3PbIBHOM TEKTO- 
uuku []peqkapmatckoro KpaeBoro mpormOa C NpOABJeHHAMH BYJIKaHH3MA. 
STO TakxKe MO3BOIAeT MO-HOBOMY NOOHTH K pelieHHIO BONpoca O Mpoucxoxse- 
HMM HeKOTOPbIX Ty(OB, 3aseraiomlux cpequ movacc IIpeqkapmarTba. 

TlweTbiHCKWe KOHTVJIOMepaTbI MIpeACTaBJIAIOT JeJIbTy JpeBHeH KapmaTcKoH 
PeKH M COCTOAT 43 OOJOMKOB MOpoy, WIMpOKO paClpocTpaHeHHbIX BO (pIMWeBOL 
30He Boctounpix Kapnat. M3pepKeHHple Ke NOpOmb 34ecb HeUsBecTHHI. M ecsy 
raJibKy TpaHWTOHJOB B KOHIJIOMepaTaX MOMKHO CUHTATb NepeOTORKeHHOH, TC 
B OTHOIWCHHH JIMMAapHTOB (a BO3MOKHO, TakxKe HM KBaPLeBbIX NOpdupos) store 
CKa3aTb HeJIb34. 

Bce ncceqopaten (MOJIbCKNe HM COBETCKHe), H3yUaBUINe MHCTbINCKMe KOH- 
rJIOMepaTEI, COrMaCHO OTMEYAIOT, YTO OHH COCTOAT U3 MOpox KapMatcKoro dine 
(°, *,°, 7). Y ognoro B. Caugepcxoro (*) umeetca yKa3aHue, YTO MOMUMO (pJIu- 
meBoro MaTepHasa B COCTaBe KOHTIOMepaTa elle BCTpeualoTCa 3eeHbIe (us- 
JIATEI, BbIMBITHIE H3 Ooee APeBHUX (OypAHrabCKUX) CMOGOMCKUX KOHTOMepa- 
TOB. OTH NocseqHHe Pa3BHTHI OMKe K Kpato Kapmar. 

B JebTOBOH MpHpoye MMCTHIHCKHX KOHTWIOMepaTOB yOexaeT, IOMHMO HX 
cocTaBa, pA PakTOB (YTO OTMEUEHO elle M€PBLIMH HCCeMOBaTeAMu): 1) KOH- 
rlOMepaTh! MallMasIbHO 3aMEULaOTCA JalyHHO-KOHTHHEHTAJIbHbIMM OCaKaMu: 
2) OHM OOpa3yI0OT OFPOMHY!0 JMH3Y Cpequ MecuaHHCTHIX OTMOKeHNH; 3) nNOMLAaLt 
AX PaclIpOcTpaHeHHA HMeeT BUY WIMpOKOFO KOHYCa BbIHOCA; 4) k ceBepo-3anayy 
KOHTVJIOMepaTbI 3aMelalOTCA YIVJICHOCHBIMH CJIOAMH, B KOTOPbIX BCTPeyaloTcs 
JMCTbA PaCTeHHH TOPHOH opi co cueqaMH JaseKoro mepenoca (°). 

B cocTabe rasIbKW MHCTHIHCKHX KOHTIOMepaTos (mo pp. TIncTpHKe u Pri6- 
HHWe H Ha HX BOLOpaszee) BMeCTe C H3BEP2KeCHHbIMH OOHAPyKeHbI HM MeTAMOP- 
cbuyecKkne MOpOsbl: YNOMMHAaBUIMeCA y2Ke 3eJeHbIe (bUJIIMTbI, a TakxKe rpacu. 
TOBO-KBapeBbIe CIAHUbI, KBaPI, CKPHITOKPHCTAaMIHYeCKHe HM KPYMHOSepPHUCTEIE 
U3BECTHAKH, POSOBbIC KBAPUMTbI, KBaPIeBbIe KOHTJIOMepaTbI THA BeppyKaHo. 
CJHOLAHBIC H KBapleBO-CHOLAHbIe ClaHib. [lepewucnenHple MeTamopduyeckne 
MOpOAbI OOBIYHEI AIA KapMaTCKuX KOHTOMepaToB (cm06oncKux u Ap.). Her 
COMHCHHA, YTO FasIbKa STHX MOPOI B MMCTHIHCKUX KOHTIOMepaTax MepeoTm0*Keua. 

MoxkHO JOnycTHTb, YTO H FaibKa H3BEPXKeHHbIX OPO BLIMbITAa H3 COOOL: 
CKHX KOHTIOMepaTosB. Ho 9sTo CipaBe_IHBO TOJbKO MO OTHOLWICHHIO K CHVJIbHC 
H3MCHEHHBIM TpaHHTOHLaM, KOTOPbIe NO CTeMeHH MeTaMOpdu3ma MOryT OBITE 
MOCTABJICHbI B OHH PA C METAMOPuYeCKHMH NOpOamuU U3 CMOGOMCKUX KOHTUIO- 
Me€paTOB (OTMETHM, YTO STH APeBHUe MOPOsbI TeMepb OTHOCAT K PUtpero (7)). OG: 
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IOMKH H3BEPXKeHHBIX MOPON, KOTOPhIe U3peNKa HAaXOAT B CNOOOMCKUX KOHTVIO- 
AepaTax, MPeCACTABCHbI HMCHHO CHJIBEO H3MCHEHHBIMH Ip aHUTOMAHBIMH Mopoa- 
iu (°). Halinennpie 2Ke MeHee H3MCHEHHBIC KBAPILeBbIe NOpdupbl, HU B OCOGeH- 
1OCTH CBEXKHE JIHMAPUTbI, KOHCYHO, HE MOTYT OTHOCHTLCA K ApeBHeMy MeTaMmop- 
puyeckomy KOMMVIeKcy c060qcKux KOHTOMepaTos. Ilo 13102%KeHHIM coo6pa- 
KeEHHAM, HE MOIIM OHH TakxKe ObITb NpHHeceHbI C PaxoBckoro KpucTaMyecKoro 
faccuBa uw UnByMHcKuX rop. Ecsm axe npeqnoOKUTb, YTO TaM UMeIOTcCH He- 
ISBeCTHbIC HAM KaHHOTHNHBIC JIMMAPUTH, TO M3 HaOmMOLeHHH Hal auVvIIOBHeM 
‘OBPCMEHHBIX PeK CELyeT, YTO KPyMHbIe OOMOMKH ITHX MOpPOA He MOrWIM OpITS 
sbiHeCeHbI B ITpegKapmarse. JlelicTBuTenbuo, cpequ BasyHOB u Taek p. Fipyr, 
)ASMBIBAIOWEH B BEPXOBbAX MeTamMOpduyecKHe NMoposbr UnBunncKux Trop, y 
(paa Kapnar yxxe net CneqoB STHX TOpog. B MMCTHIHCKUX 2%Ke KOHTIOMepaTax 
seIMYHHA OONOMKOB JIMMapHTOB MH KBapleBLIX NMoOpdupos yocturaer 20 cm. 

B pesyibTate MHKpOCKONMYeCKOrO MCCeECBaHUA JMNApHTOB ycTaHOByeHo, 
ITO 3TH NOpoObl NpefcraBJisroT OveHb peg_kylo Ia Beero KapuatcKoro pe- 
‘MOHA Pa3SHOBHAHOCTh THIMYHbIX JHnapuToB. BKpanweHHuku 3THx Nopor 
pasmepom 1—3, u3peqka 0 5 MM) cOcTOAT m3 KBaplla, MOJeBLIX WMATOB 
1 OnoTUTa u cuaraior 12— 15% BanoBoro cocTaBa nopompl. TIomepple wiaTbi 
IPENCTABJEHbI TarvOKJa30M HM KaJIMWNaTOM, TpHyeM sHOO STH MMHepaubi 
IPHCYTCTBYIOT B PaBHbIX KOJIMYeCTBaX, NHOO MoceqHuM WpeocbmanaeT. Ta6- 
(HI[bI KaJIMUINaTa HepefKO MMeIOT Npoctoe TZBOMHUKOBaHHe, HHOra cosepxKart 
IMKPONepTHTOBbIe BpocTKu. MuHepa, Kak MNpaBuJiO, COBePIeHHO CBexKUH, 
ONAHO-NpOspauHbili W JMU Koe-rge cuerka NesnTHsupoBaHHblii. [loKasatenn 
IpesomMieHuA N,= 1,525, Np = 1,519, u3smMepenuple B pale OOpa3oB, u 
MepeHHanA BenuvHa 2V = 32° cBHJeTeJbCTBYIOT O IIpHHaslexKHOCTH MHHe- 
aia K OpTOKJIa3y, TOUHee K eFO pa3HOBYAHOCTH — CaHHAMHY, B KOTOPOM 
OonepxutcaA 20 10% anbOuToBoro KommonHenta (('), crp. 495). [BotHuKoBaa 
cb C KoopaMHatamu N,=85, Nyz=20, N,=70 soxwutca Ha KpHBy1o 
‘apJic6afckoro 3aKOHa JBOMHUKOBaHHA. TaOsMlbl Kawlulunata B Kpaax 3a- 
aCTYIO OMJaBJeHbI, HMeIOT OyxXTOOOpa3Hble 3aT€KM, BbINOJIH€EHHbIe Mes0CTa- 
HCOM OCHOBHOH maccpbl. IlocmeqHu comepxKUTCA Tak2Ke B Bue 3aXBaYeHHbIX 
NOHKMJIMTOBbIX) BKJHOUCHHH BHYTpH TadaMy. Bce 9TH IpH3HakH C HeCOMHeH- 
OCTbIO YKa3bIBalOT Ha KPHCTaJJIM3aluio Kanata B MarMaTHyecKylo 
Taj\Hi0. 

Ilnarnokna3, B OT/MUHe OT KaylulInaTa, yalle B TOH WIM WHOM Mepe 
AMeUeH MeJIMTO-CepHILMTOBbIMH HOBCOOpasoBaHusaMH. IlomucuHterHyecKH CABOH - 


UKOBaHHbIe TaOJIMUbI ero HMeIOT N, =s1552, MN 921 D43.N TI exNoTHOCATECH 
Kucsomy anyesuny NN 33 — 35. Takan »%e OCHOBHOCTb Obla MoyueHa 

pH u3MepeHHaAX Ha egoposcKkom ctomuKe: BNg=15, BNm=75, 

N, = 85, Ne 35 no | (010). 

Kpapl, BbiJeiseTcs B CBeXKHX BOAHO-NpOspayHbIx Kpuctamiax. B MHO- 
JUMCJICHHBIX OyXTOOOPasHbIX 3aTeKaX HJIM B TOMKUJIMTOBbIX BKJIOUCHHAX 
Iep2KUTCA B3aXBaYeHHbIi pH pocre MarMaTuyecknit pacnmaB. HuKaKux 
eJOB MeTaMop(pHyecKoro Bo3sselicTBUA (KaTaKsa3, MO3AMYHOCT, OOMayHOe 
oracaHve UT. J.) He OOHAP yKHBaeTCH. 

Buornt TakxKe KpHcTasM30BaJICA B HHTpatedypwyecKkux ycsoBuAX. Ox 
DIJEAeTCA B XOPOIIO OC*POPMJICHHBIX YelllyHkax C Pe3KHM IIJI€OXPOH3MOM OT 
DaCHOB aTO-OypbIX, TEMHbIX TOHOB 10 Ng JO COMOMCHHO-2XKeJITEIX TO Np. 
OHCTaHTb! erO B pa3HbIX CJlyyaAX HECKOMbKO BapbupyloT B_ Mpejedax 
2 (Nm) = 1,643—1,648, 110 orBeyaeT cofep Kanto 50 — 55 mon. % 2xeule- 
{CTOrO KOMIIOHEHTA. 

OcuopHad Macca cjloxKeHa JBYMA TviaBHeHIIHMH KOMIOHE€HTAaMH — KBap- 
MW KaJIMWmaToM, OOpasylOlluMH HEpeKO MUKPOrpaHOSepHUCTY10 CTPyKTypy. 
Hora OTMeUaeTCH MepeKPUCTANIM3alHA KaNMMaTa B MTOPU3aX; HEPEAKO 
eNO MeCTO BO3HAKHOBCHHe TOHKUX KaeMOK KalMUIMaTa Mo NepudepHu OpiB- 
ux ccbepomuToB. B oco6eHHOCTH XOpOUIO BbIKPHCTAWIMSOBAH KaJUMITaT B 


KYiMX NMoposy Tpeuluyax. 
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Takum o06pa30M, MbI 34e€Cb CTaIKHBaeMCAH C THMMUYHbIM KaJIM UIMaTOBbIM 
JHMapHTOM, B KOTOPOM MepBH4HO-MarmMaTHyecKkoe (HE MeTacOoMaTH4eCKOe) TIpo- 
HCXOMKMeHHe KaluuMata HecomHeHHO. B Kapmatax aumapuTsi, MomoOuble Hali- 
JICHHbIM, H3BECTHbI TOJbKO B OMHOM MecTe (B palione BancKon IUraBHUulbI B 
Sanaguyix Kapnatax CoBakuy). 

Ksapuespie mopdupbl B OTIM4He OT JIMMapHTOB He COJepxKaT KaJMiuMaTa 
HH BO BKpalli@HHuKax, HH B OCHOBHOM macce. [InarMoksa3 BKpallJI€HHAKOB 
CyLeCTBCHHO TI@IMTH3HpOBaH HM CepHuuTHsHpoBaH. B nmocmeqHem Cilyyae OH 
uarHocTupyeTca TOAbKO No pemukTam. HeOombumme KomMYeCTBa YelIyeK OM0- 
THTa JAKKE MOMHOCTHIO XJOPHTH3HPOBaHbl. OCHOBHAA MaCCa, NOJYCTeKOBAaTaA 
WJIM JOCTATOYHO MOHO pacCKpHCTaJIH30BaHHasc, UMe€eT XOPOLIy1O COXPaHHOCTh. 

Tomula MMCTHIHCKMX KOHTJIOMepaTOB JHCJIOMMPOBaHa: Pa3pbIB OTAe/AeT 
BHYTpeHHio1ww (oOpaujenuHyio K KaplaTaM) 4acTb 9TOM TOM, MOCTaBJeHHYyO 
BePTHKAJIbHO, OT BHELIHeH, Te COM COXpaHAIOT TOPH3OHTAJIbHOe MOJOKEHHE. 
Bospact Hapyuienuli — nocmeHwxKHeCapMaTCKHM, OHH BOSHUKJIH OMHOBPeCMeHHO 
c HayBurom Kapnat Ha Mpegropbe. OTH AHCMOKAUMM Ppe3KO BUOH3MeHHVIN Mpel- 
WWeCTBOBABIUMH petbe, U, MO*KeT OpITb, Hallpacuo Onto Obl UCKaTb B Kapmatax 
qOMHYy TOM peKU, KOTOPad pa3MbIBaa BbIXOJbI H3BEPKeHHIX MOpO. OHAaKO 
MOJIOKeHHE I peBHeH JEMbTbI, XAPAKTep AaJIIOBHA HU ETO OOMbIWAaA MOWLHOCTb ACHO 
rOBOpAT OG SHEPrH4YHOM Pa3MbIBe TOPHOH OOMACTH, HCMbITaBIMeH MOLHATHE. 

K ory OT NMCTHIHCKOH JeNbTHI pacnomomenb! [loxytckue Kapnatni, KOTOpbIE 
B PCHETHYCCKOM OTHOLICHHH IpeACTABJIAIOT CAMOCTOATEIbHY!O TOPHYt0 OONACTb. 
OuM paccMaTpHBaioTCa Kak HaMOolee NOMHATHIM yuacTOK @iMueBoro pyHya- 
mMeuta IIpeqkapnatckoro mpornOa, c KOTOporo rwtyOOKHH SpO3HOHHbIM cpes 
ya MOUTH WeHKOM MOULHy!0 Tomy Mowacc. IIpeqcTaBaeTCA BeEPpOATHEIM, 
YTO HMCHHO H3 STOK, OTMHYHOM OT Apyrux, wacTu PuueBLIxX KapnaT MpOucxo- 
AAT OMMCAHHbIe BHIMe JIMMapHTbl HW YTO MPOABJICHHe BYIKaHH3Ma CJIeqyeT CBA 
3bIBaTb C pa3JIOMOM B PyHamente [IpeqKapmatckoro kKpaezoro nporn6a. B Io- 
KYTCKHX KapmaTax u3BepxKeHHble NOPOAbI He YCTAHOBJICHbI, H MbI Wpesmouara 
eM, UTO HEOOJIbIIMe MHTPY3HBHbIE Tela JIMMapuTOB, KOTOPbIe MO pALy MpH3HaKoE 
He JOJDKHbI HAXOAUMTHCA Ha OOJIbUIOM YaJICHHU OT IIMCTbIHCKOH J@JIbTLI, CKPBbITb 
MO, HakBHTOM Tloxytckux KapnaT Ha ux Mpemropbe uM Haq HamBurom Opos: 
CKOH uellyH Ha MOKYTCKHMe CKaKH. 


MucrutytT reosornu nmoe3sHbix HckOMaeMbix Tlocrynuso 
Axajemuu Hayx YCCP 22 XII 1959 


UMTHMPOBAHHASA JIATEPATYPA 
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MHHEPAJIOTH A 


A. Mi. CEPAIOUEHKO u B. A. MOJIEBA 
THTAHUTHI W3 APXEMCKUX MOPO 1OKHOR AKYTHU 
(IT pedcmaeaeno axademuxom H. B. Beanoctim 7 I 1960) 


TutauuT B apxeHckux Nopogax lOoxxHol SkyTHM MMeeT WIMpOoKOe pacnpo- 
Tpanenve. B KBapU-MOEBOLINATOBO-AHONCHAOBbIX, B POrOBOOOMaHKOBO-IIH- 
OKCCHOBLIX THEHCaX, B JMONCHO-CKaNOJMTOBLIX CaHWaxX C MarHeTHTOM, 
; WMOMCH-OMOTHTOBHIX THelicaxX HB Mapaam@uOomuTax c MHpOKCeHOM 4 Mar- 
ieTHTOM THTAaHHT MOUTH BCerga MpucytcTByeT. HenpasusbHBle WH AYMeHO- 
OpasHbie 3CPHbIWKH H XOPOWIO OrpaHeHHble KPMCTAaJIMKA THTAHUTa B 9TUX 
‘Opowax TO pasOpocaHbl B OJMHOUKY, TO OOpasyr10T rHe3OBUAHBIe arperaTHEle 
KOMJI€HHA, TO BBITAHYTHI JIMHEHHO, COrIaCHO CJIaHIeBaTOCTH MOpon, A CBOMMU 
[PEPbIBHCTO-IlyHKTHPHbIMM WeHOUKaMM COMPOBOKAAIOT AMONCHAOBHIE HIM Po- 
OBOOOMAHKOBBEIe MOJIOCKH, K KOTOPBIM B PyHBIX 30HAX IIPHYPOUEHBI HM 3EPHUCTHIE 
bIEJICHHA MarHeTHTa. 

UacTo MOXKHO HaO10LaTb, YTO KPHCTAJJIMKH THTAHHTAa BKJIIOUeHBI 3,eCb B 
esleHy!0 pOroBy!0 OOMAHKY HJIM B KOPHUHCBO-KpacHbIi OHOTHT, — Hu TOra BOKpyr 
[MX OOPa3yIOTCA ACHbIC WIM CHJIbHbIe TJICOXPOMYHbIe OPeOuIBI. 

OTHOCHTeJIbHO MHOFO CBeTJIO-KOPH4HEBOrO THTAHHTa HMeeTCA B MOpomax 
OHbI HHbEKUHH, B MATMATHTAX, OOPa30BaBLIMXCA B pe3yJIbTaTe TOHKOCJOMHOTO 
HE PCHHA POZOBbIX AJINCKMTOBbIX PPaHHTOB B JPeBHHe KPHCTAaJJIMYeCKHe CIaH- 
(bl. THTaHUWT 3feCb OOpa3yeT MeJIKHe (IIPaBHJIbHbIe) HH JOBOJIbHO KpyMHbIe 
HeMpPaBHJIbHble, JlaluaTble) 3€PHa, KOTOPble IMpPeHMYUIECTBeEHHO CBA3aHbI C 
@ICHOM WIM 3e€JIeHO-CHHeH POroBol OOMaHKOH, a MecTaMM (BMeCTe C MAarHeTH- 
OM) ABJIAIOTCA MpOMyKTOM ee TuCcTeporeHHOTO pa3JlOKeHUA. 

B 30He rpaHHTOB, B MX 9HAOKOHTAKTAX, B Pe3YJIbTAaTe 3aXBaTa H aCCHMMVIA- 
HM MMM MaTepHasa OOKOBLIX NOpOA TakxKe PaclpOcTpaHeHb!, NONOCUAaTHIe HI 
‘ATHHCTHIC BbINeICHHA uONCcH_a, OMOTHTa, poroBOoH OCOMaHKH U THTAaHUTA. 
1 B STHX CIYYaHX BOKPYF BKJIOUCHHH CBETIO-KOPHUHEBOFO THTAHHTA B poroBok 
OMaHKe HH B OMOTHTe OOpasyIOTCA ACHBIE WIM CHJIbHbIe (TeEMHBIe) Neoxpouy- 
Ble Opeowb (CuBarsau, cKBaxkuHa No 22-C). MenKkue MaATHMCTHIE arperaTbl He- 
PABMJIbHBIX 3eCPHBILI€K THTAHHTAa, a TaKKe ero MpH3sMaTHYeCKHe (KOHBEPTO- 
HJHbIC) MOHOKPHCTAaJVIbI, 3HAUHTEIbHBIE TO pasMepamM (fo 2 CM B JWMHY) H 
€PKO. BHMMBIe IIPOCTHIM T1a30M, B psxje CulyyaeB MpuypoueHnbl K CKapHooopas- 
BIM KPYMHOSEPHUCTHIM CKAaNOJHTOBLIM HM CKaMOJIMTO-2MONCHAOBLIM Nopoyam 
pp. Hepuyu, Bonpmon Caanax mu p.). 

B HeKOTOPbIX KOHTAKT-MeTaCOMATHYECKHX (SIIMAOTH3UPOBaHHbIX, AKTHHOJIH- 
U3HPOBaHHbIX HW  XJIOPHTH3HPOBaHHBIX): = Ma@rHeTHTO-PpOrOBOOOMAaHKOBBIX 
Opozax, NpOpBaHHEIX %KuHMOOOPasHbIMU TeaMH PO3OBOTO aJACKUTOBOFO Tpa- 
Ta, TakxKe OOpa3syeTCA JOBObHO MHOFO arperaTHbIX CKOMNJCHUM YAVIMHEHHBIX 
pucTanmuKkos (70 0,15 mm) AHTapHO-KpacHoro THTaHHTA (KeHIbrayuta), OOsa- 
aIOWLerO ACHBIM IJICOXPOH3MOM HM OKPY2KeHHO!O B XJIOPUTE CHJIbHBIMH TJICOXpoO- 
YHBIMH OpeoiamH (CuBarau, cKBaxKUuHA No 19-C). 

[TloppmeHHoe KOHUeCTBO THTAHHTa BCTpeyaeTcA Tak%Ke B CaMHX *KeTe30- 
YAHBIX CKanlomuT-amHO6oN0-MMpOKCeHOBEIX NayKaX Ha MeCTOPOAMCHUAX Cu- 
aru, IImonepcxoe, Jecc u Ap., re OH B BH€ MEKUX YJVIMHEHHBIX 3€pHbILNeK 
aTOTeeT K MArHeETHTy H COMpoBoxatomel ero poroBoli oOmaHKe. 
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| 
Ha y¥acTrouKax pa3BUTHA THTAHHTa OPTHT COBCeM HJM MOUTH COBCEM OTCYT— 
cTByeT, HO YaCTO THTAHUT B YKa3aHHbIX BbIILNEe ocagouHO-MeTaMOpuHyeCKHX MO- 
poaxX HW B SHOMOP@HO H3MCHEHHBIX 30HAX PpaHHTOB HaXOMUTCA B NapareHnesuce 
C amaTHTOM, MOH@ILMTOM, OpPaH2KHTOM. | 

SHaUNTeIbHBIH MHTepec MpesCTaBAIOT KPyMHOKpucTalMyecKue y4acTKH 
pOso0Boro aJIMCKHTOBOrO rpanduTa Ha THHCKOM MeCTOPOXKTeHHM (KaHaBa 26, : 
o6pasen, Ne C-174/1951). [panur stor vepefyerca 3feCb C HeMpaBHJIbHBIMH TO- 
(opme y¥acTKaMH TOHKO3epHUCTOFO poOsOBoro rpaHHuTa, HO TOJIbKO B KPYIHO- 
3ePHHCTOM ero dawn OOHAPyKEHO JOBOJIbHO MHOFO MPH3MOBMAHBIX KPHCTaJ— 
JIOB THTAHHTa. OHH M3 HAX MeJIKHe — JJIMHOIO B HECKOJIbKO MHJIJIMMETPOB, 
Ipyrue cpequne — oT 0,8 go 1,2 cm B AMHYy, CPaBHHTeIbHO PEAKO BCTPedaroTcA 
H KPYMHbIe KPHCTa Ib — 203 CM B AIMHY. SeeHoBaTO-yepHbIe C MOBEPXHOCTH, © 
OHH B M3JIOMe CMOJIAHO-YepHble, M0 (POpMe OOSTYHO KOHBEPTOBUHbIe C paSBUTHEM © 
rpanef (111) w (110) umm naacruH4aTole Mpa pasBuTHH NMHakouya (001); mome- 
peuHbIe CeyeHHA POMOOBUAHI; H3PeAKa BCTPeyaOTCA Mapas buble CPOCTKH 
BYX IPpH3MaTHYeCKHX KPHCTAaJIMKOB. 

IIpuH MUKpOcKONMyeCKOM U3y4eHHH POSOBbI CPencosepxalluH TpanuT Cco- 
CTOHT M3 MHKPOKJIMH-MepTuTa, KPUCTalIMuYecKNe 3€PpHa KOTOPOFO CHJbHO pa3- 
JaBJICHbI MH OKBaPMOBaHbl, MpHYeM MEJIKO- H CpeAHeSePHUCTHIH MO3AM4HbIM 
KBapI IIPOHH3bIBaeT BCIO MOpOAy TOHYAMMIMMH %KuOUKAaMH. K 3THM %KHMOUKAaM 
yale BCero HW IpHypOueHbI KpHCTan THTanuTa (Nz>N,>1,783; 2V = + 30°), 
HHOra MPHMbIKarollWe H HEMOCpeACTBEHHO K MOeBLIM IMaTaM HIM YaCTHYHO 
B HHX BKsO¥UeHHbIe. Hexoroppre 43 KPHCTa/JIOB THTAHHTa Pa3OpBaHbl BOJIb 
TPelMHOK, BbIMOJHEHHbIX KBapWeM, aApyrue wacTHYHO pesOpOupOBaHH, HU B 
HUX HMEIOTCA «3a4JIHBb>, 3AMOJHeHHbIE TOHKOMO3AM4HOM KBapIleBOH MaccoH. 
OyHako OOJIbUIMHCTBO KPYNHbIX KPHCTaJIOB THTAHHTa COBEPIIeCHHO YHCTHIC H 
ONHOPORHIe, B WINMaxX OHH MMeIOT CBeTTyIO KOPMUHeEBATYIO OKpacKy. XHMH- 
yeCKHH COCTaB 3TOTO THTaHUTa MpuBeyeH B TaOn. 1, A 

Ta6anna 1 
XUMMYeCKHH COCTaB THTaHHTOB H3 apxeHckux nopog lOxnonu SKkyruu 


A B B 
Komnoneut  yineh] a ue ete. Gus Seele ep bart | ane een eee 
rec. % MOJI. UHCIO Bec. % MO. 4HCO Bec. % MOJI. 4HCJIO 

SiOz 30, 50 508 29, 19 493 29,40 490 
TiO. 39),20 490, 34.46 431 30,30 441 
Al,O3 0,88 ) 2,00 20 2,60 25 
Fe Os Her -- Her _ 1,04 6 
TR:O3 3,26 Pal, 4,25 39 3,00 24 
Nb,O5 — — 0,68 3 0,20 4 
Ta,O;5 — — 0,04 — — — 
FeO 4,40 4 ye (ato) a3) 0,87 12 
MgO 0,35 8 _ — 0,16 4 
CaO 24,50 438 24,49 437 26 , 40 471 
SrO — — 0,39 3 0,10 4 
Na gO 0,32 5) 1,06 17 0,58 9 
Se -= — ee 4 a — 

= = eT — 0,40 5 
HO a = 0,60 33 0,53 30 
—H,0 — — — = 0,09 = 

Cymma 100,44 | 100,12 | | 100,37 | 
Anammtuk B. A. Monesa. 


IIpumeuaunnue. A. Temno-6yppii co cmonanpim 6necKom u He@POBHBIM H3JIOMOM TH- 
TaHUT B KOHBepTOOOpasHbIX KpHCTa/axX M3 MeAKO3epHucTOrO rpaHura, oOpasen, Ne C-174 
1951 r.; p. Tun. B. Kpacuo-6yppi co creknaHHbiM OlecKoM TUTaHUT B OKpyrio-yriomen- 
HbIX HEMPaBHJbHbIX 3€PpHaX V3 MMPOKCeHOBOrO MHBbEKUMOAHOTO MMKPOKJIMH-MepTuToBoro 
rHeca (MHrMaTuta): oOpasen, Ne 1005 v3 konnexuuu JI. B. Kaumona, p. OMenbyxKaK 
B. Cpetao-KopHuneBblii THTAHHT B KOHBepTOOOpasHBIX KpHCTaaxX CO CMOAAHBIM 6eCKOM B 


H3JI0OM€ H3 M€JKO3ePHUCTOH AMONCHAO-cKanomMTOBOH (cKapHONOZOOHOH) noposmE: 
; oOpa 
Ne C-19, 1953 r., p. Hepwun. 3 i ans 
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| Kpymupie oxpyrio-ynaouennpie uv HeNpaBHJIbHBIe TO (bopMe 3epHa TeMHO- 
|}PaCHOrO CTEKAHHO-OJIECTALErO THTAHUTA H3 HepaBHOMEPHO CJIONCTHIX MHTMa- 
MTOB pavioua p. OmedbxKak UMEIOT pasmeppI OT 1—2 mm jo 2,5 cm B nomepey- 
juke. [louTH Bcerqa TuTaHUT CpacTaeTca C TeEMHO-SeIeHBIM IpH3Mamu HIM arpe- 
}aTaMH MOHOKJHHHOrO MupoKcena. Ilo MuKpocKONOM THTaHHT KOpH4HeBO- 
KPACHbIH, CHIbHO TPeWMHOBAT, HepeAKO HMeCT MPaBHJbHOOKPYTuy10 tbopmy, 
CHO MVICOXpOupyeT B pO380B0-6ypbIX TOHAaX. 

PaBHaa Macca MopopE NpeycTaBslena MAKPOKJIMH-NepTHTOM, OOpa3y lou 
€NpaBHJIbHbIe CHJIbHO MOPIMMHHCTbIe 3epHa OT MHOFOUNCJICHHbIX MwacTHHya- 
'O-BOJIOKHHCTEIX HM BeEpeTCHOBHAHBIX BPOCTKOB abOuTa. KBapu, umeerca B MOA- 
HHHCHHOM KOJIMYCCTBE, YACTO B Be ArperaTHbIX MUKPOCKONMYeECKHX FHe3IbILUeK. 
AHaJM3 COBEpUIeHHO YHCTOPO OLHOPOAHOFO TUTaHUTA U3 STO MOpoLE MpH- 
BeleH B Tad. 1,5. 
| B ckamonutTo-qHOncHAOBbIX KOHTAKT-MeTaCOMaTHYeCKUX CKapHHPOBAaHHbIX 
OpOfax, PacnOJIOKeHHbIX BOMH3H FpaHHTOB Cpeu KaJbILMUpOB Hu YAaCTO Co- 
Mep2KallUX SHAYNTEMbHOE KOJIMYECTBO KapOOHATOB, Ha MecTopoxyennu Hepnun 
(cepepHaa 4acTb pasBeqouHol KanaByt Ne 12), a TakxKe B HMKHeM TeYeHuH 
p. Bonburol Caanax umeiorca JOBOIbHO MOLLHbIe (10 HECKOBKUX METPOB) He pa- 
BHJIbHOH (POPMbl yUaCTKH, COLePxKallNe KOPHUHEBbIE HIM KOPHUHEBO-KpacHble 
IKOHBEPTOBHHbI€ KPHCTasb THTaHuTa (go 1,0—1,5 cm B anny). Munepan 
STOT H€paBHOMePHO pacipeseseH B NOpore, OOpasya TO pacceAHHBIe BbIee- 
HHA, TO 3HAYHMTeJIbHbIC FHESOBHAHEIC H HENPaBHJIbHO-JIMH3OBUHbIe KOHILEHTP a- 
MM ¢ Comep»xKanuem TuTaHuTa Wo 20—25% no oObemy. Coctas 2TorO THTaHHTa 
mpuBeyzeu B Ta6n. 1,B. 

Ilo ananusy P. JI. Bapuuckoro, pacnpezenenue peqKUX 3eMeJIb B COCTaBe 
THTaHuTa c p. Hepuun (Tada. 1,B) caenyroumee: 


= 
HP 


LagCeg3PrgNd4Sms, Te I Ce. 0 
Bie di Tu Dyn gE Ga Moga X san Zig anes 


Jina TuTaHuTa c p. IMenbyxKaKk (B) umeem: 


ay Cé Pr NdiiSin tote Ce.. os 


Gd Dy sET 9 95 ¥Do,95% aor Te &- UY go 0: 

Takum o6pa3om, B cocraBe TR,O3; oTHomeHHe L&Ce,O3 K & Y2O3 ON3KO 
ae 

O6pa3soBaHve BOKpyr 3epeH THTAHUTa B CIOJaX WM amuOouax rvseo- 
XPOHUHBIX OpeooB (c paguycamu 25; 34 nu 43 py) ykKa3blBaeT Ha HamMuve 
B HUX HOHOB ypaHa (R; = 1,05 A) u ropua (R; = 1,10 A), Koroppie, Bxoga 
B COCTaB THTaHMTa, 3aHMMaioT B ero pemerke mecra Ca (R;=1,06 A), 
COBeplIeHHO aHaJIOrHyHO TOMY, KaK Takue »%e MecTa Ca B pe{KO3eMEJIbHbIX 
THTAHHTAX H30MOpcHO 3aMemlaioTca uTrpuem c (R; = 1,06 A), wWepuem 
(R; = 1,18 A) uw ux avanoramu. 

IIpu usomopdHolt samene Ca Ha TR u U, Th 9mextpocratuyeckoe pas- 
HOBeCHE CHCTeMbl COXpaHAeTCA FlaBHbIM OOpa30M IIyTeM KOJIMYeCTBCHHO Hi 
KAYeCTBEHHO pa3JIMUHbIX H YaCTO OJHOBPCMeHHDIX SaMeIeHHH, C OMHOM CTO- 
pOHBI, B rpynne Ca, c ”pyroii—s rpymne Ti. Copepiienvo orcyTcTByIoT HJM 
IPOABJIAIOTCA OUCH HeSHAYHTeNbHO 3aMelleHuA B rpyune Si. OrpaHuyeHo 
TakoxKe 3amemeHue O, He BXOJsAeroO B KPeMHEKHCJIOpORHble TeTpas{pbl, PaB- 
HOBeIMKUMH MoHamH (OH) u F (cm. (?)). 

KpucramoxumMuyeckan PopMyJla peAKO3eMeNbHBIX H PaWOaKTHBHDIX TH- 
TaHHTOB MMeeT BUI: 

(Ca, TR, Th, U, Mn, Na) (Ti, Al, Fe'**, Nb) SiO¢ (O, OH,F). 


Yecroliunpoe cosepxKanue THTAHHTA B OCAOUHO-MeTAaMOpHuyeCKUX Nopoyzax 
DasIMYHBIX Mapacnanwax u Maparnelicax), 3aKOHOMePHOe pacnpenevieHHe ero 
pel APYrHX MoposooopasyIoul“xX MHHEPaOB STUX MOPOA B BUNCE COMMIACHEIX 
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IIpepbIBHCTHIX CTPyeK H MOJIOCOK, YepeyIOULMXCA C NOMOCKaMH ApyruxX MMHEepa- 
JIOB, IpHypO4eHHOCTb e€FO TlaBHbIM OOpa3OM K I[BeCTHbIM H PYAHbIM MHHEPasiaM 
(MMpOKCeHaM, poroBoH OOMaHKe, MarHeTHTy) — BCe 3TO JaeT OCHOBaHHE pac- 
CMaTPHBaTb THTAHHT KaK CHHTeHeTHYHOe MeTaMOpduyecKoe OOpasoBanHe, Cpop- 
MMpOBaBlleeCa 3a CUET MATeEPHaJIa JPCBHUX OCAaOUHbIX MOPOA, OT KOTOPhIX yHa- 
CJI€hOBaHbI HM M PeKHE JJICMCHTHI. 

Cnopaquyeckah KOHICHTPpallWA OTHOCHTeEJIbHO KPYMHOKPHCTaJIHYeCKOrO 
THTAHHTa B POSOBbIX TpaHHTaX, HHBCWHPY!OWHX YKa3aHHble BbIWe OCaqOUHO- 
MeTaMopduyeckHe MOpOsb, CBULETELCTBYET 06 ero SHJOKOHTAKTHOK Mpupore, 
O COOupaTeJIbHOH €FO KPHCTaIM3alHH HW BbIAeeHHH B TpaHuTax 3a CyeT aCc- 
CHMHJIAWLMH OOKOBBIX Mopox. McxoHBIM MaTepHaJIOM JIA KP yYMHO3Ep HUCTOLO THTAa- 
HUTA B MHIMATHTAX TaKKe ABJIAIOTCA, OYCBHHO, COMepxKAalLHe MCJIKO3eP HUCTHIA 
THTaHHT JIPeBHHe OCaqOUHO-MeTamopduyeckue MOposbl, MOABepriiiMecA TOHKO- 
CNOHHOH TpaHHTHOH HMHBEKIHH. 

IIpu mepeKpucTasmu3aluu OMOTHTO-POrOBOOOMAHKOBBIX THEHCOB 3a CueT 
pa3JIOXKCHHA POFOBbIX OOMAHOK YaCTHYHO MPOHCXOHT BbIZeIeCHHE BTOPHUHbIX 
arperaTOB THTaHHTa; NoceqHHH MecTamu OOpa3yeT BOKpyr THTAHOMArHeTHTAa 
TOHKHE Pe€aKI[HOHHbIe KaeMKH. 


Tlocrym“si0 


CoBeT 10 H3yYeHHIO MPOH3BOAHTeIbHBIX CHI 
30 XII 1959 


Axkayemuu HayK CCCP 


UMTMPOBAHHAA JIUTEPATYPA 


1H. B. Be aos, Ovepku mo crpyKtypHol MuHepanorun, 2, Munepanorny. cOopH. 
No 5, JIppos, 1951, crp. 23. ? eal 
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HAornagn Akagemun nwayx CCCP 
1960. Tom 132, Ne 4 


ITET POLPA®H A 


M. H. WJIbMHCKASA 


WEOJIMTHSAUMA TYP®OrEHHbIX MECUAHHKOB 
- BEPE30BCKOH CBUTbI 


(ITpedcmasaeno axademuxom H. M. Cmpaxoeoim 11 I 1960) 


JleTasbHaa metTporpapuyeckaa oOpa6oTka MaTepuasos, coOpanupix VW. B. 
XBOpOBOH H3 OepesOBCKOH CBHTbI HH2KHETO KapOoHa BOCTOUHOrO CKJIOHAa IOx- 
Horo YpaJla, BbIABYJIa WMpOKOe Pa3BUTHe OUeHb HHTeEPeCHBIX MpOMeccoB 3a- 
MeCIL€HHA B MOpPOax BYJIKAHOreHHO-OCaOUHHIX POpMalHH. B uacTuoctu, Opiia 
OOHapyKeHa HHTCHCHBHAA WeOJMTM3AaLlMA TyOreHHbIX MeCuaHHKOB, PasBUTbIX 
mo Oeperam p. CaMo3BaHKH, sleBoro NpuToKa p. Ypaua, BMagzaiwuero B Ypan B. 
10 KM HMxKe oc. Ku3snabcKoro. 

Bepesopckas cBuTa B Oacceline p. Ypasla clowKeHa YepesylollMMuca MOKpo- 
BaMH KHCJIbIX H OCHOBHBIX 9dy3HBOB WH TYPOB C MOAYHHEHHBIM KOJIMYECTBOM 
N€CYaHHKOB, TVIMHHCTHIX CJaHWeB H KPCMHHCTHIX Mopog (1). Cpequ HHX BCTpe-- 
YaIOTCA MOULHbIC MaYKH POSOBATO-CepbIxX rpyOo- H CpeMHE3eCPHHCTHIX HENpaBHJIb-- 
HO IIJIMTUATLIX MOPOZ C XOPOLWO BbIPaKeHHOH CJIONCTOCTbIO, KOTOPble OOpa3yioT 
MOHOKJIMHAJIbHO Mayatolly!o TOJILULy C a3HMyTOM NageHua 265°< 40°. B nopogax. 
MHOFO PaCTHTeJIbHOFO JeTpHTa, OCOOeHHO XOPOIWO 3aMeTHOFO Ha NOBePpXHOCTH 


TWWIHTOK. PacTHTesIbHbIe OCTATKH paCNOJO*KeHbI HHOrAa OecnopsAOUHO, MHOTa. 
“2K MOXKHO BHETb UX OJHOOOPasHOe pacnosomeHHe (puc. 1). OHM OpHeHTHpo-- 


BaHbIB 10rO-3aMaqHOM HallpaBseHHu — 200° (qoquCMOKaUMOHHaA OPHeHTHPOB- 
Ka). Sflecb BCTpeuarorcH TakxKe KYCKH OKaMeHeJIOH JpeBeCHHbl, Pa3MepOm JO 


l,5 m. 


STH MOpPOAb! OMMCHIBAHCb B Nowe KaK NecuaHHkH. OHako MIpH u3y4eHHH. 


HX M10], MAKPOCKONIOM BbIACHUJIOCb, YTO HX CIeMyeT OTHECTH K M€PeMbITHIM Ty@am, 
‘TIOABepruiMMCA CJIOMKHBIM TpoweccaM BTOPHYHOTO H3MeHeHHA. 


B mpoxoyalem CBeTe BUAHO, YTO MOpoOsa MOUTH HAalleJIO COCTONT u3 CcpepomH— 
TOBbIX CPOCTKOB, JOBOJIbHO NJIOTHO COMPHKAaCalOWHXCA pyr c Apyrom (puc. 2a, 
cM. BKyleiky K cTp. 108). B mpomexyTKax mMexyy cepoluTaMu  BHJHBI 
OOJIOMKH KBaplla HM NoOeBoro wmnaTa (pasmepom B cpequem 0,1—0,5 mm) u 
BTOPHYHbIC MUHEPAJIbI — XJIOPHT, AKTHHOMT, 3e1eHOBAaTO-Oypble PuAPOCIOAHT,. 
SIIMOT, aIbOUT, a TakxKe OOMMHE TUAPOOKUCIOB %XeNesa. Pacmpeenenne BTO- 
PHUHBIX MHHepaIOB HepaBHOMePHO: OOBIGHO, ECM BCTpeyaeTCA MHOFO 3IIH- 
HOTA, OCTaIbHbIe BTOPHYHbIE MHHEPAJIbI MOUTH OTCYTCTByIOT. CbepouHTOBbIe 
CpocTKH B rpyOO3epHHCTHIX Pa3HOCTAX MOposbI uMeloT AMameTp 0,8—1 mm, 
pu 3Tom dopmMa ux oKpyraaa (puc. 2 6; cM. BKJeHKy K cTp. 108);. 
B MeHee rpyObIX H B TOHKOCJIOHCTHIX Pa3HOCTAX CPEPOJUTbI UMEIOT THameTp 
0,2—0,4 mm, u cbopma ux MeHee NpaBuibuan. Menkumu cbepouuTamu uM TremMu- 
CbEepOMTAMH CIOXKeHbI OOJIOMKH OKaMeHesION ApeBecuubl. B 9ToM cayyae Coxpa- 
HAIOTCA, XOTA H HE OUCHb ACHDIC, OCTATKH N€PBHYHOM OPraHOreHHOH CTPyKTyPpbl, 
BhIDPAXKeHHOH YepeOBaHHeM MOJIOC, COXKEHHbIX MCJKUMHM ChepOJIHTaMH HM re- 
MHCHepOIHTaMH, HW Moso0c, OOOrallleHHbIX THAPOOKHCaMH 2*Kese3a. 

Ccbepomntsr o6pasoBaHbl TOHYAMLIMMM CpOCTKaMH TpeX MHHepaJIOB: KBap— 
la, WeomutTa urétuta. TéTuT scTpeyaetca B BUAe MEJIKUX bIIMHOK, UAYULAX TO 
JaHyCaM OT WeHTpa cpocTKa kK ero Nepudepuu uw NOAYepKUBAOUAX cepoun- 
rOBy!IO CTPyKTypy cpocTKa. K nepu@epuu OHM CTaHOBATCA Kpylnee, HHOTa OHM 
WIMBaIOTCA B CIVIOWHYIO HEMpospauHy!o Maccy, OOJIeKAaIOlly10 CepOMUTHI HK 


[ake MOJIHOCTbIO 3allOJIHAIOULYIO TIPOMeCMKYTKH MEKTY HAM, Jipa APyrux MH- 
185. 


Hepavla IIpo3spa4uHbl, HMeIOT OM3KOe ABYNPeCNOMJEHHEe, HO SAMCTHO OTJIM4AalOTCA 
MoKa3zaTeAMu IpesoMieHud. B weHTpe CiepOMHTOBLIX CPOCTKOB YaCTO MOMKHO 
BUeTb UACTHUHO HJM MOJTHOCTbIO IleOJIMTH3Mp OBAHHBIE MEJIKHE O6JIOMKH Novlesporo 
umata, pasmepom 0,1—0,3 MM, CoxpaHuMBIMe XapaKkTepHble OUePTAaHH7. Pexe 
B IeHTpe cepoMHTa BCTpeyaloTca MeKHe OOOMKH KBaplla, OObIHO OHH CHJIb- 
HO KOPpOAMpOBaHbI WeoUTOM, OOpasyA MOAOOMe MMKpOMerMaTHTOBOH CTpyK- 


Puc. 1. O6pa3en nopogsi 


“Typbl. Takaa Ke CTpyKTypa HaO1OqaeTCA H B KpaeBbIX YACTAX MHOPHX Cepo- 
JIMTOBBIX CpOcTKOB. PeqKO B OCHOBHOM Macce Moposb MoNafarorca Oomee Kpy- 
HbIe OGJIOMKH WH KpUCTasbI NOWeBoro wMaTa, pasmepom 0,5—1,0 mM, KoToppie 
I[COJIMTH3HPOBAaHbI C Hepu@epuu UM M0 TpelMHKaM (pHC.2e,cM. BKelky K cTp.108). 
PenuKTbI MoeBOro IWiMaTa COXpaHAIOT MOAOOME MHKPOKJIMHOBOM pellleTKH, 
MOKAa3aTeJIb MPeJOMJICHHA WEOJHTOBOM KaHMbl MeHbIUJe NOKasaTedA MpeJIOMJICHHA 
peNHKTOB. OnpegeleHua Ha (beMOPOBCKOM CTOJINKE [WIA PEHKTOB aM cueLy- 
‘OUlHe KOHCTaHTbI: (—2V = 82°; KoopyuHathl: Ng = 80°; Nm = 81°; Np = 14°. 
CumBOJI OTHOCHTeJIbHO cilalnoctn [100], T. e. 
3TO MHUKPOKJIHH. 

IIpu ucceqoBaHHn CepOHTOBLIX CpOCTKOB 
IIpH CKPeWCHHbIX HHMKOJIAX HaOsOaeTCA HHTE- 
pecHad oOcoOeHHOCTb: cdhepouToBad cTpyKTypa 
MOUTH MOJIHOCTbIO HC4Ye3aeT; BO MHOPHX yuacTKax 
MOXKHO HaOIOLaTb BOJIHHCTOe yracaHHe, HO He cipe- 
200 400 G00 G00 op°~ POMMTOBOrO, a KBapleBoro Tuma. Keapy cepomuto- 
Dice omreite nce ne BbIX CPOCTKOB CTPOHT CBOIO KPHCTaJJIMYeCKYIO pe- 
cumere Saahessic oe ree WeTKY H€3aBMCHMO OT rpaHul cepOJIMTOB, H MOsy- 
sen Nb 717a;2—o6pasen Ne 717 “aeTCA MoqoOue TOpuoBO CTPpyKTypbI KBapIMTOB, 

IleomuT He NOYHHAeTCA HOBO CTpyKType, HO OH 

MMEECT J[ByIIpesOMeHHe Oouee HU3KOE, eM y KBapiia, 
~ca6o WelicTByIoMlee Ha NOMAPH3OBaHHbIM CBeT, a OSTOMY WeOIMT MOUTH He 
BIMACT Ha OOULy!O KapTuHy yracanua. Ilo o6uemy o61uKy MopomH Mp cKpe- 
ICHHbIX HHKOJIAX MOMKHO MIPeAMOO*KUTb, YTO OHA OOPas0Balacb pH TMepe- 
KPUCTAJIM3AMU XaJeqOHa, KOTOPbIM Obl] BHAYaIe COCTABHOH, a MOKET GLITh, 
OCHOBHOM COCTAaBHOM YaCTbIO C/PEPONHTOBLIX CpOCcTKOB (puc. 26, cm. BKseliKy 
K cTp. 108). 

Boubiioe BHUMAaHHe ObIIO yAeeHO JeTaMbHOMY H3YYeHHIO WeOUTAa, BXOJA- 
lero B COCTaB CbepOJIHTOBbIX CpocTKoB. Ja STOPO Oblwin CHeaHbI TepMuyecKHi, 
CHEKTPaJIbHbIMt HM PCHTTCHOBCKHH aHaJIM3bI, ONMPeMeeHbI Ha (beqOPOBCKOM CTO- 
JIMKE H B HMM€PCHOHHBIX %KHAKOCTAX eFO ONTHYECKHe KOHCTAHTHI. 

Tak Kak Mopoya MouTH Halle COCTOHT U3 CcepOsMTOBBIX CpocTKOB, pa3ye- 
JIMTb KOTOPbI€ Ha COCTABJIAIONIMe MHHEPaJIbI ObIIO HEBOSMOXKHO, MpHXOMNOCS 
WIA AHAIH30B OpaTb MOPOLy WesIHKOM, a NOTOM Ip pacueTax YUHTHIBaTb 3aBe- 
7OMOe TIpucyTCTBHe B HEH KBaplla MH APYrHX MMHEpaOB. 
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B pesyuibtare TepMuyeckoro aHasH3a ObiIO yCTAHOBJIeHO MIpHcyTCTBHE 11e0- 
<IMTHOH BOJbI (pHc. 3). 


CieKTPaJIbHbIH aHaIH3, MpOBeeHHbIH OTIeIbHO JIA OCHOBHOHM MaccbI m0- 
POMbI C PaCTHTeJIbHEIM eTpuTom (oOpasen Ne 717) u Aa OKaMeHeEON ZpeBecu- 
Hb (OOpaser Ne 717a), nan cmemqyiomue pesyubTarut: 


Ne 


ooOpasnua Si Al Mg Ca Fe Mn Ti Na K 
TAGE, 10) 310) 0,038=054) 053°—1;0 S8—10 0,1 =0,8 “0 103" 138" 413 
aa. se tOy nd—-d0: «Oro —0,3 .0,03—0.4 oS—10 «0;03=0M 6 OS0ns Bes —_— 


M13 npMBeqeHHbIX aHHbIX BAAHO, YTO 06a OOpasiva BeCbMa CXOJHBI, HO OTJIH- 
yaioTca 10 Cogepkannto Ca u ocobenHo, K. B uimdax v3 OKameHesOH ypeBe- 
CHHbI (OOpaser No 717a) He ycTaHOBeHO HUKaKHX peuKTOB K-nomeBoro wimata H, 
HallpOTHB, B WiMax U3 OCHOBHOH MaccpbI Mopogp (o6pa3en Ne 717), rme stu pe- 
JIMKTbI BUAHbI, AHaIH3 MOKa3aJl JOBOIbHO BbICOKOe copepxKanue K. 

PenTreHOBCKHH aHaiH3 (paciiMppopka yByx eOaerpamm — o6pa3ubl 
NoNe 717a u 717 —c Oonbuiok TuaTeIbHOCTbIO MpoBesena T. B. JlommaTosoi) 
NOATBEPAW HaM4Me B MOpose KBaplia, réTHTAa U ABYX Pa3sHOBUAHOCTeH WeomHuTA 
yaa o6pasua Ne 717: 

1. )Kucmonqun CazK(AlsSisO,,) 9-10 HeO (°*). 

2. LleommT, He HMelouyHH OCcOGoro Ha3BaHHA, HO OTMC¥eHHbI B PeHTTeHO- 
MeTPHUeCKOM OlpefzenuTere B. HW. Muxeepa (*), (Ca, Naz) -(AleSisO,,) -2H20. 

B o6pasue Ne 717a (oKaMeHenaa mpeBecuHa) OOHAPyxXeH BTOPOH WeosmHT, 
2KUCMOHJIMHA HET. 

B MMMepCHOHHBIX %KH]KOCTAX ObIIH ONpeeeHbI NOKa3ZaTeIH NpeOMJIeHHA 
‘CCPePOJIHTOBLIX CPOCTKOB: OoubuHH 1,540; mMeHbummi 1,533. 

Ha teqOpoBcKOM CTOJIMKE YCTaHOBJICHO, YTO IeOJHT CPepOJHTOBbIX CpocT- 
KOB — MHHepaJI JBYOCHbIM, HMeeT OTPHUaTebHOe YVIMHeHHe, MpaAMoe Moraca- 
Hue HM yrom onTHyueckux ocel +2V =34—42°. )KucmonquH uMeeT — 2V = 
= 66—77°. 

M3yueHHbIH MaTepvasl MOKa3bIBaeT, YTO MpOWeccbl BTOPHYHOTO H3MeHEHHA, 
OKBapUeBaHHA M MeOJIMTH3alMH TYPOreHHbIX MeCYaHHKOB MOryT MpHooperaTb 
OONbINOK pasMaX H KOPeHHBIM 06pa30M H3MeHATb MepBHYHBIM OOMK MW MepBuY- 
HY!O CTpyKTypy Mopogp. 


TeonormuecKH MHCTHTYT Tlocrynus0 
Axkajlemun HayK CCCP 4 1 1960 


IUTHUPOBAHHAA JIATEPATYPA 
1 Jl. C. JIun6posnnu, Teonorwueckoe crpoenne Kusuno-Yptasbimckoro paioHa Ha 


tOxHom Ypane, 1936. 2 A. T. Bere xtuu, Kypc munepanoruu, 1950. % B. UW. Mu- 
xees, B. H. Ly6uuuua, Pentrenomerpuyeckuit onpezeiuredb MuHepasos, 1939. 
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Tloxaagn Akagemunu nayx CCCP 
1960. Tom 132, Ne 1 


{ 


TETPOLPA®H A 


Bb. K. MPOWJIAKOB u tO. M. BACHJIBEB 


METPOrPA®HYUECKHE OCOBEHHOCTH MEPMO-TPHACA 
NOJIYOCTPOBA BY3AUH 


(I1pedcmasaexo axaGemuxom H. M. Cmpaxoeom 16 XII 1959) 


Uisyyenue reonormyeckoro crpoenua m-o. By3aua umeeT HCKJNOUNTeIbHOe 
TeopeTuyeckoe H MpakTHyeckoe 3HayeHHe. BpiacHenue TreolorHH STOrO Nosy- 
OCTpOBa, ABJIAIOWLEFOCA CBASYIOUIMM 3BCHOM M@KAy CKMaqyaTbIMA CoOopyxKe- 
HuaMH Ypaua, Tanb-[ana, Manrpuuismaka uv JlonOacca, MpommBaeT CBeT Ha Xa- 
pakTep Hu Mpupoxy 1oro-BocTrouHoro OOpamsenua Pycckow natpopmpl. IIpaKx- 
THYUeCKOe 3HAYeCHHe HU3YYCHHA STOH TeppHTOPHH BbITeKaeT M3 ee ONHSOCTH K 
MIPOMBbICJIOBbIM TvIoWaqamM OmOeHcKOH HerenocHoH oOmactTu u FOxmuo-Actpa- 
Xanckoro HedTera30HOcHOoro paliona. 

B mocnequee Bpema, OslarofwapA 3HaYHTeIbHBIM OObeMaM OypoOBbIX paoor, 
BBIMOJIHeHHbIX Ha By3auax Tpectom Manrpilimaknedreraspaspeyka SatayHo- 
KasaxcTanckoro reojormyecKoro ylpaBJeHHA, Obl NOyYeH HOBbIH, BeCbMa 
ICHHbIH (baKTHUeCKHH MaTepHas, PaCKPbIBalOMMH OCOOe€HHOCTH reosIorMyeckoro 
CTpoeHHA MomyocrpoBa. OcoOnii HHTepec B STOM OTHOWEHHH MpelcTaBJAIOT 
JaHHble O TvtyOMHHOM reosOrMH NOJIyOCTpoOBa, B YaCTHOCTH WaHHbIe O MeTporpa- 
cbuueckHxX OCOGeHHOCTAX, CTpyKType uM BOspacTe dbyHyameuta n-o. By3augn. 

Bypeuue riy6okuxX pa3BeqOUHbIX CKBaxKHH Ha Kpl3aHcKOH cTpyKType (B 
WeHTPasIbHOH yacTu n-o. By3auu) Opvio HauaTo B 1958 r. Bompeku aHHbim Celi- 
CMHYeCKHX HCCIeELOBaHHH, COracCHO KOTOpbIM (yHAaMeHT NMpemNnomaranca wa 
rayOuHax nopsyKa 2500 m, nepBaa pasBeqouHad CKBaxKHHAa Ha TuyOune 1350 m 
HEMOCpeACTBEHHO M3 THMHYHOH CepOlBeTHOM MeCuaHO-IVIMHHCTOH TOMI cper- 
Hef IOpbl BbILWIa B YIVJIOTHEHHbIC, MCCTAMH CJIAHUeBAaTbIe€, KPaCHOUBeTHbIe MOpo-— 
bl HEH3BECTHOTO BO3pactTa. 

MouHOocTh KpaCHOUBeTHOH TOM OKa3alaCb 3HaYHTeIbHOM: CKBaxKuHA No |,, 
umeax ual I 1959 r. 3a60H 2250 m, eme ne Bbllua 43 39THX OTNOKeuHL. 
MOULHOCTh KpaCHOLBeTHOK TOM, TaKHM O6pa30M, Mpespiuaer 900 mo. 

BmocwleqCTBHH KPaCHOLMBeTHBIe OTIO*KeHUA Obl BCKPBITHI H APyrumu pas 
BeQOUHbIMH CKBaxkuHAaMH. M3 cKBaxkunpl No 1 Makpockonuyecku uw NO MUKpO- 
CKONOM OblJia H3yyeHa CepuxA OOpasuoB u3 uHTepBasa 1300 — 2084 m. O6pasuni 
KepHa IIpe{CTaBJIeHbl B OCHOBHOM IVJIMHHCTO-aJIeBPUTOBbIMH KPpaCHOUBeTHBIMH 
TOpOAaMH WM pexKe CePbIMH MOJIMMHKTOBbIMM CpeHe3CPHUCTHIMH MeCuaHuKaMH. 
Ilo u3yueHHbiM OOpasilaM BbILeAeTCA TPH OCHOBHBIX THMa Mopox: mecuaHUKy, 
AJIEBPOJMTH, TuiMHbI. Ilecuanuku BcTpeuaiorcH B Bue CpemHesePpHHCTHIX 
Me€CYaHHKOB C KaJIbIMTOBLIM I€MCHTOM VW B BHJ€ MeKOSEPHHCTOTO NecuaHuKka 
CO CMCLI@HHbIM KaJIbIMTOBO-XaJIbIeQOHOBbIM IeMeCHTOM. 

Tlecuanuk cepul, cpeqRuesepuucTulH. Tnornpiic Kkanp- 
WHTOBbIM WeMeHTOM. IIpegcTaBneH MOyyrioBaTEIMH M MOJlyOKaTaHHbIMH yac- 
THUaMH pasMepoM NpenmylecTBeHHO 0,3 —0,5Mm. O6slomounbiii MaTepuan co- 
cTaBsineT WO 85% Bceli nopogE. Munepanbupilit cocras C60MOuHOM YacTH BeCb- 
Ma OjnHooOpasen. HanOonbuiee pacnpoctpanenue umeeT KBapr ("0 40— 50% 
OOJIOMOYHOM YacTH), BCTpevaloulHlica B ABYX Pa3HOBHAHOCTAx — Cc paByomep- 
HBIM H OO/IAYHBIM yracaHvem (MocnequHit MeHee OKaTaH). 3aTem caeqytor 
NOMEBbIC WWMATbI, CHJIbHO KaOJIMHH3HPOBaHHble M CEPHIMTH3HPOBaHHBIe, HW XaJi-— 
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UWeAOH, B HeOOMbIIOM KOJIMUECTBE BCTPeyaIOTCH CBexKHe, HePpa3spyWIeHHBIe Mia- 
THOKa3bl, CJIOQbI, MIayKOHHT, XJIOpuT. XapakTep yNakOBKH OGJIOMOUHOFO Ma- 
TepHasa — mioTHeMiuMH. IIpocrpancrBo mexyy OONOMOUHEIMA “acTHIamu 
3aNOJIH€HO O€CIIBETHBIM MOHOKPUCTAaJIIMYeCKHM KaJIbIMTOM, SABJIAIOULMMCA e- 
M€HTOM Tloposb. B HeKOTOpbIX MeCYaHHKaX ZTOFO THMAa B HEOOIbIIOM KOIMUeCT- 
Be BCTpeyaeTCH XaJIMeOH, BbINOMHAIOWMH, Kak M KaJIbILUT, POJIb WeMeHTA. 

Tlecuanuk ceppul, MemKkKo3epHucT ph it. Inorupii, co cme- 
INaHHbIM KaJIbIMTOBO-XaJILeOHOBbIM WemMeHTOM. Ha 75—85% cocrouT u3 O6uI0- 
MOUHOrO MaTepHaa. DopMa 3epeH MpeHMYLLeCTBeEHHO MO/yyrioBatTand, UCKJIIO- 
Yad 3€pHa KBaplla, KOTOPble YaCTHYHO PereHepHPOBaHbI H MOSTOMY MMEIOT pas- 
MuHy10 @opmy. [Ipeo6azatomnli pasmep 3epen 0,1 — 0,35 mm. Cpequ o610m04- 
HbIX YACTHU MpeoOsaqaioT NOMeBbIe WINAaThI, CHJIbHO paspylWleHHbIe, KaOMHH- 
3HPOBaHHBle H CEPpHUNTHSHPOBAHHble MalMOKMa3bl, a TAKKe KBapIL (C OOLIGHDIM 
M OOa4HbIM yracaHHem); pexke BCTpeyaloTca OOJIOMOUHBIM XavJIeqOH HM XJIOpHT. 
B 3aMeTHOM KOJIMYeCTBe (Jo 4—5%) BcTpeuaroTca meaKkue (0,02 —0,04 mm) 
OOJIOMKH TeMaTHTAa, CBexKue, He NOABeprimMeca Mpomeccam rufpatawun. Blwwim- 
ax, pH H3y4YeHHH MO MMKPOCKONOM, OONOMKH TeMaTHTa HMEIOT YeTKHE KOH- 
Typbl, 6e3 OypbIx mMoTeKos. 

LleMeHTHpy!oulad 4aCTb MOPOAL MpescTaBseHa KaJIbIMTOM H XaJIeqOHOM. 
-Cogep2anne Kabyuta coctapaset 10 — 15%. Pacnomaraetca on mMexyy O6uI0- 
MOUHBIMH YaCTHWAaMH B BH M@IKHX arperaTOB M MOHOKDHCTAJJIOB pa3mepom 
0,05—0,1 mm. 

-OkBapliepanve TecdaHHkKa MpOM30llI0, NO-Bu.HMOMy, B GOouee MO3qHIOIO 
-CTaQHi0 CYULeCTBOBaHHA NOposyl. B pesyJIbTaTe WHPKYJAUHA KHCJIbIX BO, KaJIb- 
WHT ObIJI YACTHYHO 3aMCHEH XAJINEOHOM, a 3e€pHa KBaplla — pereHepHpoBaHbl. 

T]omuMo ONMCaHHbIX JByX Pa3HOBHAHOCTeH MeCUaHHKOB BCTPeUaloTCca TakiKe 
M@JIKO3CPHUCTHIe MeCuaHHKU, NO MHMHepasIbHOMY COCTaBy H CTpyKType NoxoxKue 
Ha BbIMeOMHCaHHBIc, HO C OOJIbINeH MpHMeCbIO ayIeBPHTOBOTO MaTepHasia 
(q0 25— 30%). OT MecuaHHKu HE ABIAIOTCA WIMPOKO pacipocTpaHeHHbIMH B 
paspese, 

AJe€BPOMUTH. PaszHOsepHUCcTHIe, MeJIKOZEPHHCTHIe, OObIYHO MIOXO 
OTCOPTHPOBaHHble, CHJIbHO [TVJIMHHCTbIe, KPaCHOBaTO-KOPHYHeEBOrO UBeTa, B 
CYXOM BHJe JI€rKO CKOGJIATCA HOXKOM, HEH3BECTKOBBIe HH C1a6o BCKHMAaIOllHe 
c 10% conaHOH KucnoTOH. M3n0m HepoBHbI. OOJOMOUHEIM MAaTepHa MMOXO 
OTCOPTHPOBaHHBIH (pasmep uacTul Bapbupyet or <0,01 go 0,2 mm). Comepxa- 
Hue ero cocTaBuneT 65 — 75%. DopMa 3epeH MpeHMYLWLeCTBEHHO yrvloBaTaa, pexke 
nosyyrsopataa. B oOmo0MOuHOM yacTH MpeoblaaioTr KBapl, MOMeBLIe WIMAaTbI 
_TWarvoka3bl, IpHyem MocmeqHHe Ba OYCHb MAJIO 3ATPOHYTHI Mpoweccom pas3- 
‘pyurenua. B HeOOJbUIOM KOJIMYeCTBE BCTpeyaeTCA MYCKOBHT, YaCTHI[bI KOTOpOrO 
OPHeHTHPOBaHBI B OJHOM IVJIOCKOCTH. 

Kpome 2THX, THNMYHBIX OOJOMOUHEIX MHHEpasoB, YacTO BCTpeyaioTca OOs0- 
MOUHBIC YaCTHIb! TemMaTHTa pa3smepom Jo 0,04 mm. 

Ilement — Oa3asbHOro Tula, IMHUCTHIM. Dana B WaHHOM CJly4ae MpescTaB- 
JleHa, IMO-BHXMMOMY, He TJIMHHCTbIMA MHHepalaMH, a TOHKOM3MCJIbYCHHbIMH 
OOJIOMOUHBIMM YaCTHIAMH, B MaCC€ KOTOPBIX PaCCeAHbI OKHCJIbI *KeMe3a, NPH- 
jlaroulve BCcel Mopoye XapakTepHbIli PO30BaTO-KOPHUHEBbIH IBET. 

Berpeyaiores aleBpOJIMTbI H HECKOJIbKO HHOFO THA: PO3OBaTO-KOPHUHEBEIE, 
KPYMHO3ePHHCTHIe, H3BECTKOBHCTHIe, MOTHBIe. Ilo TOHKUM TPelliMHaM, OPHeH- 
THPOBAHHBIM B BEPTHKAJbHOM MOCKOCTH, HaOMOMalOTCA BbICCHHA KaJIbILMTa. 
O6s0MOUHEIi MaTepHas XOpOWIO OTCOPTHPOBaH, MpeoOmayarouluH pasMep YacTHI 
0,05 —0,1 mm, dopma 3epen B OCHOBHOM yrvioBaTaa Mu Moulyyrsopatan. Muxe- 
PaIbHBI COcTaB OOJIOMKOB — KBapll, MpeuMyllecTBeHHO C OOMaYHBIM yraca- 
HH€M, CHJIbHO K@OJIMHH3MPOBaHHble HM CePHILMTH3MPOBaHHble MOMeBbIe WIMAaTH, 
XaJIIeOH, XJOPUT (MHHEPaJIbHbIH COCTaB TaKOl %Ke, Kak MW y MeCYaHKa MEJKO- 
3epHucToro). Uacto BcTpeyaioTca OOOMOUKU FeMaTHTAa CO CeaMH BOSCHCTBUA 
Ha HUX TwacToBpix Boy. [lemenTupytollad yacTb MpescTaBlena CpeqHeKpHCTa- 
JMYeCKHM KaJIbItM“TOM HM TVJIMHMCTbIM MaTepHaJIOM, PaBHOMePpHO MPOMHTaHHbIM 
OKHClaMH 2Kesle3a UM TOsTOMY uMeroNLMM 6ypplii WBeT. Boodle nod MAK pockonloM 
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Ip CKpelWleHHEIX MOJApPOMAax MOpofa HMeeT MO3AHUHYIO OKpacky: OecuBeTHBIe 
M YePHble 3e—pHa KBaplla, MOJIeBbIX WINAaTOB, NepJaMyTpOBad OKpacKa MOHOKPHC- 
TaJWIOB KaJlbluTa u Oypas okpacka raMHuCTON YacTu. I]pucyTcTBue KaJbUuTa 
CBA3AHO C SIIHTeHeTHYeCKHM OTJIOXKeHHeEM ero H3 MOAZCMHbIX BOJl OJHOBPeMeH- 
HO YTHJipaTHPOBaBLUHX YTeMaTHT. 

[uu HEI MpelcTaBseHbl HCKJIIOUHTEbHO PO30BaTO-KOPHYHEBATHIMH pa3— 
HOCTAMH, IIpeHMYleCTBeHHO GecKapOouaTHBIMH. JInib OMMH U3 OOpaslloB Kep- 
Ha JlaBayl OYeHb Ca6y1o peakumto c 10% commHol KucOTOH. OOnomMouHDIM Ma- 
repuas coctaBuiaeT 20 —30% MOpodb H MpexcTaBseH MpeHMyIecTBeHHO yIvl0— 
BaTbIMH 3€PpHaMH KBaplla H peKO MOJeBbIM WINaToM Cc YacTHUamMu pasmepom 0,01— 
0,04 mm. Muoro mewKux (<0,01 mm) o610MouKOB reMaTHTa, PaCCeAHHbIX PaB- 
HOMepHO B Topoge. B HeOouIbUIOM KOJIMYeCTBe HaOMOMaOTCA BbIeeHHA KaJib- 
muta pasmepom 0,01 —0,04 mm, a eHHHUHbIC CKOMICHHA KaJIbIUMTa WOCTHawT 
0,3 mM. 

K sto xe rpymne rIMH OTHECeHbI MH CMEIMAaHHbIe PIMHHCTO-aJleBPHTOBBIe 
KPaCHOLUBETHbIe MOpOsbI, CocTosuMe Ha 50—65% HS PIMHHCTHIX ¥YaCTHYeK HW H& 
35 — 50% u3 aseBpHTOBbIX. OGJOMOUHBIN MaTepHad TipeslcTaBen yrvlOBaTbIMu 
3€pHaMH IIPeCHMYULeCTBeEHHO CpeqHe- HM KpyNHosepHucToro anespuTa (0,04 — 
0,08 mm). O6momouHDIH MaTepHas paciipefeinerca He BCera PaBHOMEePHO, B 
OTICJIbHBIX yUacTKax cosepKanne ero WoctTuraer 80% oT COmeH MacchI MOpoyyl. 
MuuepaJibHbI COCcTaB OOJIOMOUHOK YaCTH —KBapL, pexKe MOJeBbIe WNAaThI, EH- 
HMYHbIe 3€—PHA MYCKOBUTAa HM XJIOpuTa. CofepxKanue KaJIbUMTa B STHX MOpoax 
H3MCHACTCA B WWMpPOKHX Mpefemax (3,5—20%). Kak wu BO BCeX BbILMeOMHCaH- 
HbIX KPACHOIBeTHBIX TNoOposax, 34eCb B OOJIbUIOM KOJIMUeCTBeE MPHCYTCTBYIOT 
MesIKHe oOOsIoMouKH (70 0,03 mM) remaTuTa. 

B welom moposb paspe3a cKBaxKuHEI Ne | (B ONMCHIBaeMOM HHTepBae) 
oOOpa30BaJINCb B OKUCJIHTeJIbHbIX YCJIOBHAX, O YM CBHETEJIbCTBYeT MOBCeMeCT- 
HOe IIpHcyTCTBHe %Kese3a WMMeHHO B OKHCHOM (opmMe, a TakK2Ke OTCYyTCTBHe 
KaKkuX-JIM60 OpraHHueckux ocTaTKoB. HakonweHve ocafoyHoro MaTepyvauJa 
IIpOHCXOAHIO, BeEPOATHO, B KOHTHHEHTAJIbHbIX YCJIOBHAX, COOTBETCTBYIONLUX 
oOcTaHoBKe (hOpMupoBaHHsA (balluit TpesropHblx paBauH. B Tlowb3y KOHTHHEH- 
TaJIbHOrO IIPOHCXO2%K]eHUA OMMCHIBAeMbIX MOPO TOBOpUT OOuMHe OOMOMOUHOTO: 
reMaTHTA, He MOABeprileroca BOSMEHCTBHIO BOL H He Nepellesuero B PHAPOOKHCJE. 

HecoMHeHHO, YTO B STHX OTJOKCHHAX WHPKYJMPOBaIM NOA3eMHbIe BODHI, 
H3 KOTOPBIX lO TpeujHHaM H B IlycTOTax MexKy OOJOMOUHBIMH YacTHIaMH OTVIO- 
X%KMJICA KasIbluT. OOpautaeT Ha ceOA BHHMAHUMe TOT (aKT, ITO HAWOOJIbIIHM CO- 
ePpMKaHHeM KaJIbIUMTa OTJIMYAIOTCA NeCUaHHKH, HECKOJIbKO Ooee HH3KHM — 
aJIEBPOJIMTLI HW TVIMHHCTO-aJIeBPOJHTOBbIe MOpOJbl, a CAaMbIM HH3KHM TJIMHBE 
(HHOrTa H COBCeM He cOseprKallMe KabuuTa). Bpmenenua xasmueqona u 
pereHepauvA 3epeH KBaplla HaOOMalOTCA Tak%Ke UCKJIOUMTEIbHO B TecuaHo- 
aJIEBPHTOBBIX MOpOax. OTO elle pas NOKa3bIBaeT, YTO MPHCyTCTBHeE XemoreH- 
HbIX KOMMOHEHTOB B NOpOse CBA3AHO CO BTOPHUYHbIMH MpoweccaMu, a He C OTIIO- 
XKCHHAMM HX B MOMCHT CequMeHTallMH. MMenHO B OOMOMOUHEIX MOpomax (nec- 
YaHHKaX UM aJleBpOMMTaX) MOPMa NPOMCXOAMTb UMPKyJAUMA BOL, M3 KOTOPHIX 
BLIMAaLaIH KaJIbUHT WH KPeMHe3eM. 

HcTouHukom CHoca OOOMOUHOrO MaTepHala ABJIAUIMCb OOaCTH pasBUTuA 
MeTaMOpduyeckuX HM OCafOUNBIX Nopoy. B nomb3y MpucyTcTBMA MmpoLyKTOB 
paspylleHHuA MeTaMOp@uyecKuX MOpok TOBOpHT OOuMNe 3epeH KBaplla Cc O6au- 
HbIM yracaHHeM H OOJOMOUHOFO XamleqOHa. CusIbHad Pa3sPyMIeCHHOCTh MOeBbIX 
WWMaTOB MH MWlarHOKa30B, HX CePpHIMTH3alMA H KAOMMHM3ALUNA XapaKTepHI LIA 
M€peOTJIOXCHHbIX OCAOUHBIX YacTHIL. M3BecTKOBHCTHIe H OKPeMHeBIUINe Mecua- 
HO-AJI€EBPHTOBbIC MOPOAbI KPaCHOUBeTHOK TOU B MpeleaX KbIsaHCKOH CTpyK- 
TYPbI He ABJIAIOTCA B H3YYEHHBIX OOPasiaxX KOJMEKTOPaMH, BCeNCTBMe 3anou- 
H€HHA MPOM@XKYTKOB MeK]ly OOJOMOUHBIMH YaCTHIaMH X€MOTeHHBIMH BpIee- 
HHAMM HW M30JIAMMM OTTebHBIX Mop. Ha npuerawuux TeppuTOpuAX, re BTO- 
PHYHBIX MPOWeCcCOB BbIeJeCHHA X€MOTCHHBIX KOMIOHEHTOB HE Mponcxoyuso, 
3HAYCHHA MOPHCTOCTH UM MPOHMMae€MOCTH MOFYT UMETb BEJIMUHHbI, MpelcTaBvia1o- 
ilve TipakTH¥eCKHH MHTepec B HedTera30HOCHOM OTHOLIeHHH. 
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CpaBHeHwe MHHepaJIbHOrOo cocTaBa wu NeTporpabwyecKux ocobenHocrTeli 
XapakTepa 3asleraHHia HW CTpaTurpaduyeckoro MOOKeHUA KPACHOUBeTHON TOMJI- 
uM m-o. By3au c anaJlorMuHbiMu OOpas0BaHHAMH COCeqHUX PpaHOHOB MOKasbI- 
BaeT, 4YTO ONHCHIBACMbIe OTJIOXKCHHA MMEIOT MHOFO OOmIero C MepMOo-TpHacom 
SmOencKOH HeTeHocHoH OOacTH HM KapaTaycKuM KOMMeKcom Manrpiliaka. 
OHM ABJIAIOTCH Kak Obl M€PeXOAHbIM KOMIMIEKCOM OT ABHO MeTaMOp@u3HpOBaH- 
HBIX HM AMCJOMUMPOBaHHbIX OTMOKeHHH KapatTay kK CNOKOMHO 3aleralolulumM PbIx- 
JIbIM TEPPHPeCHHO-OGJIOMOUHBIM OOpa30BaHuAM SmOencKoro paliona. OueBusHo, 
KpacHoubeTHad TOMa By3saye umMeeT TOT 2Ke BO3PacT, YTO MH aHaJOrMUHBIe 
oOpasopanua OmOp u Manrpiimaka. Ona MOxKeT ObiTb OTHECeHA K MepMO-TpHa- 
cy. Han6onee O1u3KHM aHaJlOroM KpacHOUBeTHOH Tommu Bysayel aBuIa10TCA 
KpaCHOIUBeTHbIe OTOKeHHA J>KaHalcKOH OMOpHOH cKBaxKuHbI, []pomMbicmoB- 
CKOH Moulaln, 1oxKHee AcTpaxaHu, MH HEKOTOPHIX MyHKTOoB, [IpuKymcKoro paito- 
Ha IIpeqkaBKa3ba. 

@MopMupoBaHHe KpaCHOUBeTHOH Tom n-o. By3sayu mpoucxo_uso, Mo-Bu- 
JMMOMY, B OOCTaHOBKe CJIOMKHOTO pelbeda BHYTPH IMHTepUMHCKOH CKMaquaToOu 
o6macTu B NepexoqHBIH MepHox — BO BpeMA, KOra TeOCHHKMHAIbHbIM 93TAT 
passuTua Ypano-CuOupcKol oOacTH yxKe 3aKOHUMJICA, a WwaTPOPpMeHHbIM STAM 
pasBuTua CO BCeMH eFO THIIMUHBIMH OCOOeCHHOCTAMH elle He HacTyIMJ. 


MockoBcKHH HHCTHTyYT HedTexHMuyeckou Tlocrynuso 
M rasoBoh MmpombllsienHoctu uM. M. M. Ty6xuna 12 XII 1959, 


19T 


Jloxnayn AkaweMum Hayk CGGP 
1960. Tom 132, Ni 1 


TFEOXHMHA 


Ujen-koppecnonyent AH CCCP H. M. KAPABAEB u H. ®. BY]AK 


HCCJIEMOBAHHE TAK HA3bIBAEMbIX TYMHHOBbIX KHCJIOT 
NPECHOBOJH bIX, CATIPOMEJIEM 


Canponenamu, CormacHo cyllecTByIOuluM MpeycTaBienuam (*~°), Ha3bIBa- 
4OTCA FOpioune HCKOMaeMble FHAJIOCTHOFO MIpOHCXOKMCHHA, HE COMeprxalHe ry- 
MUHOBBIX BCILCCTB, XAPAKTePHBIX JIA TYMOHTOB (TOPHoB, JIMrHUTOB, Oy pbx 
M KaMeHHBIX yruieH), B pyKOBOACTBe NO aHamM3y M MCCIeQOBaHuIO Callponenen 
(*) BeulecTBaM, PaCTBOPAeMBIM B ULeJIOUH HM OCaKTaeMbIM KHCJIOTOH, NPHCBOCHO 
Ha3BaHhe TYMMHOBBIX KUC/IOT. Takoe MpoTHBOpeyne TpeOyeT yTOUHeHHA, m10- 
CKOJIbKy MO COBpeMeHHbIM MpeqcTaBieduamM MpuvuMMaetca (°), TO OCHOBHOK 
CKeleT TYMHHOBBIX KMCJIOT BKJOUAeT APOMATHYECKHE MOJIMIMAKJIbI. 

J\ia BbINCHCHHA MpMpOsbl TaK HAaSbIBACMbIX TYMMHOBbIX KHCJOT Campome- 
ei TpH OOpa3ila MOCMEIHUX, BbIZeeHHbIe U3 Camponeneh o3. Tanua Kocrpom- 

cKOH 061., 03. Jucua JIutTCCP, 03. Tou- 
Ta6nuna 1 momOBcKoe JICEHHHTpagycKOH O61. p acTBO- 
paMu BOHOH We0"u NO IpHHATOH Me- 


SaemeHTapHElit cocTas (B TOAUKE @); ObIIH NOABEprHuyTbi OKHCJIE- 

npoweHTax Ha ropio4. maccy) HHIO TlepMaHraHaTOM B UeOUHOH cpe- 

Aas. 5 ne (°). (QmemMeHTapHbI cocTaB ryMHHO- 
&-  _ BBIX KHCIOTCM. Ta61.1.) KucaoTpr campo- 

, uf N, | B& nese 03. lanuy u ToumonoscKoe Opin 

og NOABEprHyTbI OHOCTYNeHYaTOMy OKHC- 

eH, 03. Jiucua u TommonopcKoe — 

Tanna 96,21) 5,84 | 6,55 | 31,4 = mMHorocrymeHyaTOMy OKHCJICHHIO C BBIBO- 
es ag 55,70| 6,38 | 5,43 | 32,49 2OM M MCCMeqOBaHMem MpomMexyTOUHbIX 
Tlucua 52,0 | 6,0 |Heonp. NpOLyKTOB OKuCIeHHA. B mepBom Culy- 


yae ULeJIOUHOM PacTBOp MIpOyKTOB OKH- 
CJI€HHA YiapuBasica WO HeOOMbUIOrO OObeMa, NOAKUCAAICA, JeTY4He KHCJIOTHI 
OTTOHAIHCh C NapOM, W3 OCTaTKa, NOMyYeHHOrO IIpH BbINapHBaHHH ocyxa 
ObIIM BBILeIeHbI SKCTPakuMeli STHNOBLIM 3bupoM HeleTy4He KHCJIOTEI. 


Taonmuna 2 


Hesetyune c na- Jleryuve c mapom 
POM KHCJOTH ii KHCJIOTbI ‘5 
Oz3epo q (at) q (at ) 
Cc, % H, % Cc, % H, % 
Taauu 49,58 | 6,00 | 1,45 68 , 90 | 8,07 | 4,443 
ToumouloBeKoe * 48 , 20 OOM Eat a2 75,10 |41,77 1,90} 


* V3 cmecw HeeTyuHx,c mMapoM KucnoT Opa yiasiena tWa- 
BeJIeBaA KUCOTA.« 


CocTaB NOJYYeHHBIX IPH OKHCeHHH KUCHOT OBIT HCCIeEQOBaH MeTOJaMH 
XpoMarTorp adun Ha Oymare (7,8), u.- kK. cmeKTpocKonun, xpomatorpaduel Ha 
cuuuKareve (*, 1°). B Taba. 2 mpenctasnex SI€MCHTAaPHbIM COCTAaB TBEPJBIX JeTy- 
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“ux € HapOM MW HEJeTYYAX KUCJOT, NOJYYeHHbIX IPH OKHCMCHHH KHCJOT canpo- 
neneH. B Tal. 3 MpMBe_enbl KHCOTHI, OOHAPy2xXeHHBIe B MpOLyKTaX OKUC- 


J€HHH MeTOMOM XpOMaTorpadun Ha Oymare 
H Ka¥eCTBEHHbIMH peakuuamu. Hu B of_HOM 
cy uae He Obl OOHAPyXKeHbI TPyAHOpacTBo- 
PHMbIe H30- H TepedTaeBpre WH MeJWINTOBAaA 
KucnoTb. Ha puc. | mpeyctaBsreHbt xpomaro- 
-paMMbl pa3yevleHHA CMeCCH HeeTYYHX KUCJOT. 

CrelHaJIbHbIMH OMbITaMH ObIIO ycCTaHOB- 
meHo, 4YTO (Taiepad KHCMOTAa BbIMbIBaeTCS 
BMecTe C agumuHoBoi 10% wH-6yTaHO.IOM B 
CHCls. Tostomy dpakuus, u3Bmekaemaa 
10% x-OyTaHOJIOM, HCCMeqOBaNach Ha cojep- 
*KanHe :ralesoH KHCNOTH. THTpoBaHHe Be- 
JOCb TMOTeHIMOMeTPpHYeCKH, 6e3 BBEeHHA 
penonpTanenHa, KOTOPHIM aeT KayeCTBeHHYIO 
peaKI[HiO, aHaJIOrHuHy!O peakWHH Ha (pTase- 
BY!0 KHCJOTy (OOpa30BaHHe cbmyopecienna). 

M3 dpakuHi, COOTBeTCTBYIOIUX OTIeJIb- 
HbIM IIHKaM, MOCJI€ OTTOHKH paCTBOpUTelA 
BbINCIANHCb YHCTbIC KMCJIOTHI, JIA KOTOPbIX 
SblI ONpeseeH SKBUBAJICHTHBIM BeC H KOVIH- 
yeCTBeHHOe COepxKaHHe HX B CMecH. Bo Bcex 
cayuaix OblwIH OOHAPyKeHbI KUCJIOTHI MaJIO- 
HOBad, AHTapHad, TulyTapoBaa, awMmWHOBaA 
H Bbllle C,, Cogepxkanue dTaneBoH KHCJOTHI 
fIpH OKHCJICHHH KUCJIOT Canponenen 03. Casing 
cocTaBneT OKONO 2%, 03. TommomoBcKoe — 
cneqbt, 03. J[ucHa — dTasepaa KuCOTa He 
oOnapyKena. 

[IpH MuHorocTyNeH¥yaTOM OKHCJICEHHH Ha 
KaxKyIO CTYMeHb OKHCIeHHA Opanu */;— */¢ 
yacTb OT pacueTHOrO KOJIMYUeCTBa MepMaH- 
ranata. I]o OkKOHYaHHH peakIHH TBep_an 
(basa OT*PHJIbTPOBLIBaNaCch H OOpabaTbIBaachb 
SO2 Jit paCTBOPeHHA OKHCAOB MapraHila. 
HepacTBopumMple MpOyKTbl OKHCJICHHA BBO- 
MJIMCb B CJI€qyIOulyio CTYMeHb OKHCJIeCHHA. 
IIpu moqkucneHuu wenowHoro§ duJIbTpata 
BbINakawH TPyLHOpacTBOpHMbIe B KHCJIO“ Cpe- 
qe MIpOMeKYTOUHbIE MpPOAyKTbl OKHCJIEHHA B 
BUG CBeTJO-KeJITHIX XJOMbeB. CHJIbTpaT 
noce yjlaieHvA MOCIeqHAX HCCIeEAOBAaJICA 
OObIUHBIM MeTOJOM. JaHHbIe MO HUCCeOBa- 
HHIO IMIPOM@XYyTOUHBIX KHCJIOT, MOJYYeHHbIX 
MIpH OKHCEHMM KuCOT CamponenaA 03. Tos- 
MOJIOBCKOe (TAO. 4), YKaSbIBalOT Ha UX aJv- 
baTHuecKy!O WJM aJIMUnkKIMYecKy!lO MpHpory. 

‘Tlo mepe yray6eHua Ipomecca OKUCJIe- 
HMA aTOMapHoe OTHOWeHHe H :C Noppliiaer- 
ca Hw Ha lV cTymeHuH OHO OH3KO K OTHOLIC- 
HUIO [JI KHCJIOT IIpeqesbHOrO psa. ITO AB- 
AACTCA YKA3AHHEM HATO, 4TO B OCHOBE TAK 
Ha3bIBa€MbIX TYMHHOBBIX KHCJIOT Calporeen 
3anoxKeHa alupaTuyeckand WIM aJIMMKsIMUe- 
ckKax CTpykTypa. CuHaATbe AIA MOATBeEpKe- 
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Puc. 1. XpoMatorpaMMbl pa3jeieHuA™ 
Ha CHIMKarele JByXOCHOBHBIX KHCAOT, 
NOMYYeHHEIX IpH OKHCeHHN Ty- 
MHHOBBIX KHCHOT calmponenent: / — 
03. Tonnonoscxoe, // — 03. J[ucna 
(oquoctyneHyatoe oxucseHHe), [1 I— 
o3. Tamuu, JV —o3. TosnonoscKoe 
(muorocTymeHy¥atoe OKHCuleHHe) 


HU JlaHHBIX XYMMYeCKOrO aHaIH3a H.-K. CIe€KTpbl Aad O6pasoB HeNeTy- 
quX MPOLYKTOB OKHCJICHHA KHCIOT Callponmened O3ep Tamaya un Toumo0s- 


13 DAH, fr. 132, Ne 1 
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Ta6Onuna 3 


Osepo 


Metro oKuceHHa 


Jleryuue c MapOM KHCJOTHI 


Heneryune ¢ NapOM KHCMOTHI 


Taauu 


TowHou0BcKoe 


Ilucna 


Ojuoctynenuatoe 
oKucwIeHHe 
To x*e 


MuoroctyneHuatoe 
okKucaeHue 


YkcycHad, MacaHasn, 
BbIe Cz 

YxkcycHaa, Macias, BBI- 
me Cy JO Cy6 


MypaBpunas, yKcycHas, 
MponMoOHoBaA, MaciIAHaAa uM 
peice. (T. mt. 50—57°) 


[Japenespan, AHTapHas, 
rulyTapoBad, aMmMHoBas 
I[anenepas, AHTapHas, 
ANMMYHOBAA, BO3SMOXKHO 0: 
@tTamepan (cue lbI) 
Illasenepaa, AHTapHas, 
aJMNMHOBaA, Cleqbl OeH 
30HHOK 


CKOe ObIIH MOUTH HACHTHUHbI U XAPAKTEPH3OBAaJHCh CeELYIOULMMU MaKCHMYMaMI 
normoulenua: 5,94 rpynna —C=Os xap6oxcuae; 6,9 u 7,25 p rpyntb 
— CHe— u —CHs; 8,55 w —C — O —C —auucatuyeckue sup; 9,0 p — 


TaoOnunma 4 


OmemenTapHbi cocTaB | 


z Atom. |OXBHBa- @Mopmysa, COOTB. 9KBERA- 
Cry neHub OKHCJICHHA C, 0 H, % N, 0% O, of optic Bia qenTy 
| 
UcxoyH. KOCJOTHI 5b, 10} 6.08 Heo. 4omlocRAOlmdaoe 
9,00) We OOn| OOS.) ZieulO ladies) 337 CisH250, »N, COOH 
I G47 50]. 9p OOM AC A al ade eleeio 500 Coe yg 5 Ong 1,,-COR 
IV GVAVYO A) CO | Aravfel 23 03)) 71) 250 Ci2He30, .Ny 4;COOH 


aHTHAPHAbI KHCIOT; 9,35 w — wHksIHUeCKHe acupbt; 12,4 w — (CHs)2C. Cnextpsi 
MOKa3aJIH OTCYTCTBHeE NOOC, XapaKTepHbIX JIA apomMaTHueckHuxX —C = C 
u C — H— cpaseit. 

Ecam Obl KHCJOTHI Callponesel ObiIH OMHAKOBbI C TyMMHOBbIMM KMCOTaMH 
TYMOJIHTOB, MOCTPOCHHBIX H3 WHKJIMYCCKHX aPOMATHYeCKHX aATep, Somee ycrTou- 
YHBBIX K OKHCJIHTeIAM, 38 HCKJIIOUCHHEM MpPOH3BOXHEIX (eHOJIOB, MbI NOJy4HIN 
Ob! IIpH OKHCJICHHH MOMHMO WlaBeJIeBOH KMCJOTHI PasMIHbIe 6eH3O1KapOOHOBBIE 
KHCJIOTbI, KOTOpbIe OOBIGHO MOJIyYalOTCA Mp OKHCJICHHH TYMHHOBBIX BeULeCTE 
(“,). Hamu onv OOnapy2KeHbI B HHYTOXKHBIX KOMMYeCTBAax. Kpome Toro, Ip 
CTyYNMe€HYaTOM OKHCJICHHH TYMOJIMTOB BCerfa HaGIOLaIOCb CHIbHOe CHHKEeHHE 
coqepxKaHuA BOOpoRa MH aTOMapHOrO oTHOWWeHHA H:C. OuesugqHo, Hazo 
BeleCTBa, H3BJI€KaeMbIl€ H3 CaNpomeseH WeOWHbIMH paCTBOpaMuH HM OCaxK- 
Aaroulveca MPH MOAKMCeHHH, BbIAeIHTb B OcobOyio rpynny mpupoxHBix 
BeILeCTB, MPHCBOHB HM Ha3BaHHe CallpOKHCJOTHI. 
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TEOXHMHA 


Uaeu-Koppecnonzent AH CCCP HW. E. CTAPHK, JI. A. ATPAUWIEHOK u A. A. KPbIJIOB 


O PAXMOAKTHBHOM PABHOBECHHM B FPAHHTAX 
WEHTPAJIbBHOrO TAHb-WWAHS 


Jlo HeqaBHero BpeMeHH BCe ONpefeeHnA COMepKaHHA Ypana u TOPS B U3- 
BePXKeHHHIX TOPHBIX MOPpOLaX MPOM3BONMMHCb KOCBCHHBIM, 2MAHAllMOHHbIM Me- 
Toqom No Ra wu ThX, uro cupapeqiuBo AMWIb UpM HaIM4HH payMoaKkTMBHOTO 
paBHoBecun. Haexkupre MpAMbIe MeTOAb ONpeeNeHHA UX MaJIBIX KOJIMUeCTB 
WO MocneqHero BpeMeHH OTCYTCTBOBAJIN. 

B cBa3H C pa3spaOoTKOM JIOMMHECIEHTHOrO MeTORa ONpeseienua ypaua B 
MOpofaX MW C HAKOMVJICHHEM JLAHHbIX MO OMpeseseHHIO PakNOaKTHBHOFO PaBHOBe- 
CHA B BOWaX, JOHHbIX OCaKaX H B 30HAX PyAHbIX MeCTOPOKAeHuH MOABUIAaCh 
TCHJCHUHA OTPUWAaTb palWOaKTHBHOe PaBHOBECHE B NOPOMax U, CuIeOBATEIbHO, 
CTABUTb NO, COMHEHHE JOObIe ONPeNeMCHHA PalHOaKTHBHBIX IJIEMEHTOB, IpOH3- 
BeJCHHbIC KOCBeHHBIMM MeTOamu (‘). []pHHuHmHabHO 9TH COOOpaxkenua mpa- 
BHUJIbHbI, HO, BEPOATHO, JIA OOJIbIIHHCTBA H3SBEPXKeCHHbIX WH MeTaMOpduyecKHX 
MOpO, CHIbHO NpeyBeJIMYeHbI. ITOT BONpOC UMeeT OOJbWIOCe 3HAYEHHE, TAK Kak, 
C OMHOM CTOPOHbI, OT eFO peWICHHA 3aBUCAT HallM MpeACTaBJeHHA O NOLBYXKHOCTH 
PaWOaKTHBHbIX JJIEMCHTOB B H3BeP2%KeCHHbIX NOpowax B 30He Tueprenesa, a 
¢ [pyro — MOryT OKa3aTbCa HeMPHrOAHbIMH BCe TOJYYeHHbIe paHee pasno- 
XMMMYCCKHM MeTOJOM JjaHHble Mo coxepxKanuio U u Th B nopogax. 

Ja ONpeleneHua MaJIbIX KOJIMYECTB TOPHA MOKA HET MPOCTbIX H HaeKHbIX 
MeETOJIOB, 4YTO YBeJIMYHBaeT 3HAYeHHE PaHOXHMMYeCKOFO aHaN3a. 

Pa3sIMuHbIe KOCBeHHbIe COOOpaxKeHHA O PalMOaKTHBHOM PaBHOBeCHH B u3- 
Be€PpXKCHHbIX TOPHHIX Moposax cnopHbl. EXMHCTBCHHDIM Hae?KHbIM KPHTePHeM 
ABNACTCA CPABHEHHE Pe3yJbTATOB IPAMOFO OlpeselneHHA ypaHa H BbIYHCJeH- 
HOFO ero coyepxKanua MO pazuio. B KavecTBe Takoro MpumMepa paccmoTpeHst 
rpanuTonzb LlentpasmbuHoro Tanb-lHans. ’ 

BenenctBue Toro, YTO XHMMYECKHE METOJIbI ONPeMeICHHA MaJIbIX COWepKanuli 
ypana (10-®— 10-7 r/r) neqocraTouHO 4yBCTBHTEJIbHBI, OKA U3BeCTHO CpaBHH- 
TEJIbHO HEGOJIbUIOe KOJIMYECTBO JAHHbIX O COJepxKaHHH ypaHa, KOTOPble B COue- 
TAaHHM C JIAHHbIMH COJepKaHvA PauA MOSBOMHIM Obl CYZHTb O MOCTOAHCTBE OT- 
HomeHua Ra K U B rpanuTonsax. : 

Jina MpaMmoro OlpesesteHHA ypaHa Mbl MPHMeCHHJIN JIOMMHECIEHTHbIN MeTOL. 
MTeucuBHOocTb JIOMMHECHEHILMH ypaHCOlepKalllHx NepJIOB H3MepAaCb Ha (POTO- 
metpe. Bpilenenve ypaHa M3 OOpa3ilOB OCYILECTBIANOCh METONOM SKCTPakUMH 
quaTuiosim apupom. Hasecxa 0,2—0,5 r pasnaranacb HF + NHOs npr 
cma6om Harpepanuu; HF yamasmacb BbiIllapHBaHHeM C HNEs. B cayuae nenou- 
HOFO pa3vIOXKeHHA OCTATOK MOMBepraicA TOMOTHUTeIbHOMYy pasmoxKennio. Hs 
a30THOKHCIOrO pacTBopa amMMHaKoM 6e3 COz ocaxkaHCb MOMYTOPHbIe OKACJIBI, 
OCalOK OTPUJIbTPOBbIBAJICA H PaCTBOPAJICA B 10% HNOs. Tlocae BpmnapuBaHus 
pactBopa jo 25—30 ma u3 Hero SKCTparMpoBasica ypan. B KayecTBe BbICaJIH- 
Baloulero arenta mpumenasica NH«NOs. Ounlmennbit pacTBop ypaHuanuTpara, 
BbILCCHHbIi U3 MOPOAb, MepeBOAWICA B WaTHHOBbIM THTeNb, BbINaPpUBaJcA 
MOUTH JOCyxXa, K HeMy MpHOaBJIANOCb HECKOJIBKO KalleJIb HF uw onpejenennoe- 
Konmuectso NaF, Koroppiii 3aTem BbICyWIMBasca, MponaBaasca. [lnap pacru- 
paca, M U3 NMOpowKa, Kak M IIpH MpHroTOBMeHHu CTaHAapTOB, TOTOBUMCE 
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[lomnota Bpijeenua U KouTpomupoBpanacb c nomomp1o U*. [Ipumensiemple 
PeaKTHBH! OblwIH MpeABapHTebHO OYHILEHbI MeperoHKOH uM NepeKpHcTasJH- 
3allueli M MpOBepeHbI Ha OTCYTCTBHe B HUX M3MepHMbIX KOuMYeCTB U. 

Ilpu Gomee BpICOKOM COepxKaHHM ypaHa B MOpoqax u MHHepamax (He MeHbUIe 
1-10739%) npumMeHsAOCb KOJIMYeECTBEHHOe JIOMHHECIEHTHOe OlIpememenne ypana 
6e3 OTeICHUA EFO OT CONYTCTBYIOULUX STeMeHTOB (4). HaBecka Nopogbl HIM Mu- 
Hepala B IWIaTHHOBOM Turse CiaBIAaCb C H3BeCTHBIM KONMYeCTBOM NaF 
WO MOMe€HTa MOJIHOrO pacnwaBmenua. Ecau cnaaBienua c NaF Oplio negocta- 
TOUHO JIA NOHOTO pasOxKenuA OOpasiua, TO MpHMeHAach cmecb NaF c gpy- 
rHMH IWlaBHAMH WIM Ke OOpasiibl MpesBapuTeJIbHO Pa3swarasuCb MHbIM MyTeM. 
T]maB 10 OX/1aKJeCHHIO MOHOCTbIO H3B/IeKaICA U3 THIJIA WM TULaTeJIbHO pacTH- 
paca. Tureb C 11aBOM B3BelIMBaICA JO HM Noce ciaBnenua. M3 nopoutka 
ylanee TOTOBHJIHCh MepJbl. 

IIpu pvmeHeHuu MpAMOFO JIOMMHECIEHTHOFO MeTOMa pesyJIbTaTbI NOwJy- 
Y@HbI KAK M3 WapaJMeJIbHbIX I1aBOB, TaK MW 43 MW1aBOB, MOJIyYeHHBIX WyTeM pa3- 
MUHOTO pa3sOaBeHHA OOpa3ila dropucTyim HaTpHem (1, ®). 

Payquk onpeseiaca 10 H3BeECTHOH MeTOUKe MepeBeseHHA MOPOAbI B pacTBOp 
vu coocawxjenna Rau ThX B Buge cybiata c Oapuen (°). Jia cyxeHHA O Ha- 
JIMYMM WIM OTCYTCTBHM palWOaKTHBHOTO PpaBHOBeCHA B Toposax HeOOXOLuMO 
yKa3aTb TOUHOCTh MOJYYeHHEIX pesyibTaTOB. IIpH ocTaTouHOkK paspaooTKe 
JHOMMHECICHTHOFO MeTOJa HW YJIYSIWeCHHH KaYeCTBa H3MEPHTEJIBHOM allmaparTypbl 
TOUHOCTH STOTO MeTOa WocTuraeT 3—5%. OHHM H3 BO3MOXKHbIX CMOCOOOB M0- 
BbILICHHA TOUFHOCTH ONpeseseHHA CpeqHeH BeIMUHHbI ABJIAeTCA yBeMUeHHe 
yucia U3MepeHHu. B Haute paOoTe 9To OblvIO y4TeHO, UM AIA KaxKNOrO OOpasila 
WM 3TAIOHA MIPOH3BOLMIIOCh HU3MepeHHe He MeHee 30—70 nepsioB. XoTa pa36poc 
B OTJ@IbHBIX CIYYAAX MocTuras 20% , TOUHOCTh NOJYYeHHbIX CPeAHUX 3HAYeHHH 
(pu yBepeHHoctu 90% ) oKo10 5%. B HeKOTOpbIX Cy 4aaX OHA MOXKET ObITb axe 
HeECKOJIbKO BbIWe. TOUHOCTh ONpeeIeEHHA ypaHa MeTOJOM IIpAMOrO CVWaBIeHHA 
(6e3 OTJeNeHHA TacHTereH) Ia OOJILUIMHCTBa MOpOX H MHHEPaJIOB COCTABIAeT 
oxosio 10% (3, >, §). 

PesybTaTbl palHOXHMHMY4eCKHX OpeseeHH ypana B NOpomax C KOHIeHTpa- 
une (1 -5)-10°*% oxono 7—10%. IIpu 6énburMx KoHWeHTpamuax Ra Tou- 
HOCTb H€CKOJIbKO' BbILe — Nopsxyka 5%, MOmeT WocTuraTh 1—2%. 

Takum O6pa30M, B HallleM Cly¥ae OWCHHBaTb PayMOakTHBHOe paBHOBecHe 

B pALY ypana JA MOpO MbI MO*KeM B Ipesemax -—+-10—12%, aaa axweccopHbix 
MMHepasloB B Mpememax -+-10—20%. 
Brads. 1 npuBo_atca pesybTaTbl ONpewqeneHua ypana B Mpobax. B cayyae 
pa3JIMUHbIX TPpaHHTOB MM CHEHHTOB (xOpolleH COoxpaHHOCTH) MOXKHO KOHCTa- 
THPOBaTb HaIHUMe PaqwOaKTHBHOrO PaBHOBeCHA B Mpeqetax yKasaHHOH TOU- 
HOCTH. 

B MepBblx YeTbIpeX MpOOax MpoOAyKTOB paspylWieHHA rpanuToujos (Tabu. 1) 
TakiKe OTMe4aeTCH PaMOakTMBHOe PaBHOBeCcHe, B ABYX NMOCHEMHHX OHO pe3sKO 
CABMHYTO B CTOpoHy OOoramlenua paquem. JlaHuble, IPHBeLeHHbIe B STOM pasie- 
ne, O€3yCMOBHO HE MOLyT IIpeTeHAOBATb Ha KaKOe-TO pelleHuve BOMpoca B OOuLeM 
Bue. YCNOBAA MMIpallHH PaMOaKTHBHBIX 9€MEHTOB B MpOmyKTax pacnana 
TPpaHUTOB COKAbI H MHOPOOOPasHbl, M MPHBeACHHbIC JAHHbIe ABIAIOTCA UWJIO- 
CTpalMeH HEKOTOPBIX WaCTHBIX ClyuaesB. [[a AeIOBUA BIOHe BOSMOXHBI pes- 
KHe CIBHTH PaMOaKTHBHOrO PaBHOBeCHA B CTOPOHYy OOoralleHua pamuem, 4TO 
MOHATHO MCXOAA M3 OCOOeHHOCTeH HM Pa3/IMYHA XHMM3MAa PaluA MU ypaHna B MO- 
BePXHOCTHBIX BOAaX. ITO BOMPOC CHeLHabHBIi, KOTOPHIM MI 3eCb He paccmar- 
puBaem. 

Tlo-Buyumomy, HanOonee OOmlMe MpescTaBneHua oO 3a€KOHOMePHOM CyBure 
paMOaKTHBHOFO paBHOBeCHA B TeX HJM HHbIX THMAX MOPO MOKHO MOMYUHTh 
MIpH aHamu3e COOPHEIX Mopog. B Ta6a1. | mpHBeqeHo yeTHIPe Takux aHau3a. 
[TpoOpr coO6panpi ¢ Moulayqu B HECKOAbKO THICAY KBapaTHbIX KHJIOMeTpOB. 
Kamkyaa 43 Hux cocrapiesa u3 1500—2000 mtypos. B zanHom caryuae mur, 


BepOATHO, MOX€M YCTAHOBUTb OOILyIO JOMHHHPYIOULy!iO 3aKOHOMepPHOCTS 
mpeo6mananun Ra umn U. 
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PalOn i tea at 


Conepmanne U > 


i.e 
Tlopoya MectTo B3 s° 
eA JNOMHHeCH.| pamuoxuM.| 3 5 
MeTOL MeTOR § = 
Cupemxune rpaHuTh u CHenHuTH U, n-d0-2 % 
Ceppie nopd@upopuguble KanegoncKkue | Bapckayu 0,30+0,04 | 0,2940,02 | —5 
rpaHuTH » 182204 1,5+0,1 +15 
JixkyykKa 0,31+0,02 | 0,28+0,03 | —10 
Kpacuble amackuToBble Kanenonckue | JIoKeTHI-Orys 1,6+0,2 1,5+0,2 —6 
rpaHUTbl ‘ : » 2,0+0,3 1,8+0,2 —10 
» 1,9+0,3 1,7+0,2 —10 
» 1,8+0,4 1,7+0,2 —6 
I panut-nopdup » 1,8+0,2 1,740,2 —6 
Crenut repuuHecKul OprotToKkolk 2,5+0,3 2,5+0,3 U 
Kacrex 0,48+0,04 | 0,4440,038 | —5 
lpanutT alackHTOEbIK repunucKknh Kox-Matinox 2,2+0,3 2,14+0,2 —5 
OptoToKol 3,2+0,3 2,8+0,3 —12 
IlpoRykTh paspymenua rpanutougos. U, nel0-* % 
CveHHT CHJIbHO BbIBETpPeJbIH Koctex 4,70+0,44 | 4,71+0,35 0 
CuenuT KOanHHH3H POBaHBbIn » 4,12+0,13 | 3,77-+0,27 —8 
[paHuT snvAOTHSHPpOBaHHbiii (WpeBpHas| JI>KeTbI-Ory3 5,78+0,24 | 5,71+0,28 —1 
KOPa EbIECTPHBaHHA) 
Tlecok apKo30Eblh nprépexupii Viccpix-Kysp 3,938+0,15 | 4,06+0,28 +3 
Hlemospu ceporo nopdupopugzHoro Bapcxayu 1,66+0,09 | 3,64+0,27 | +417 
rpaHuta (@pakuusa 0,5—0,3 MM) 
To *e (@pakuusa 0,3—0,1 mm) » 2,81+0,15 | 4,99+0,15 +77 


COopupe npoéun. U, nei0-4*§ % 


(panuT cept Tepcxelt-Amatay 3,58+0,05 | 3,72+0,26 4 
[paHuT agackuTOBbi > 5,146+0,12 | 5,75+0,38 +44 
[paHutT repuuHcKnt » 5,64+0,18 | 5,26+0,20 | —6 
I{peBHeveTBEPTHUHbIG OTAOKEHHA LlenTpasipyprit 2,76+0,08 | 3,02+0,18 +9 


Tsanb-Wanp 


[lepppie Tpw mpoObl MpeACcTaBseHbI TVIaBHbIMA Pa3SHOBMAHOCTAMH TpaHHTOB 
Llentpanmbuoro Taxb-Iana. Tlocnequan — cOopnaa npo6a 2peBneyerBepTuy- 
HBIX OOpa30BaHhl (COFPeMeHHbIe OCCalKH He paccmMaTpHBalwTca). Ota npoba 
B3ATa KaK THM PbIXJIbIX OTMOMKeHHH, NpelcTaBIAICWAX CCOOH T1aBHbIM OOpa30m 
MpOLyKTbl paspyWeHHA paCCMOTPeHHHIX BbIle FpaHHUTOB. 

Kak BHAHO v3 Ta6. 1, BO BCex STHX NOpoRax. B CpeqHeM HaOOMaeTCA pPa- 
uOaKTHBHOe PaBHOBeCHe B PANY YPaHa (B Mpeenax TOYHOCTH HaWMx OMpe- 
qenennu). BecbMa yCJIOBHO MOXKHO OTMETHTH HEOOJEMWYyIO TEHCHIMIO K COOra- 
HLCHHIO MOpoOs, paqvem B HEKOTOPHIX THNax MOpoy. Ho ecau Takoe o6oramenne 
MW €CTb, TO OHO OTHOCHTEJIbHO MaJIO H BPA WH NpeBpuaerT 10%. 

MoxHO MpOBecTH KOCBeEHHY!O NPOBepKy PaMOaKTMBHOFO PaBHOBECHA B MO- 
poflax M0 akWeCCOpHBIM MuHepasam. M3BecTHO, YTO CCHOBHAA MaCCa PaNNOaKTHB- 
HbIX 3JIEMCHTOB B rpaHuHTax CocpegqoTOueHa B aKI[eCCOPHbIX MHHEepasax. Cye- 
JOBATeMbHO, HaIMUHE WIM OTCYTCTBHe PaBHOBCCHA B STUX MHHEPaax OyserT B 
3HAUHTEJIBHOH Mepe ONpeseATb WH PaBHOBecHe B rpaHUTax. 

B HacTosmee BpeMA HAKOMMJIOCb MHOTO JaHHbIX MO ONpegenenuro adcowtoT- 
HOFO BO3pacTa CBHHIOBLIM M€TOOM aKIleCCOPHBIX MHHEPaJIOB HM HX aHaJOrOB 
“3 TlerMaTHTOB. Kak MpaBusiO, 3TH ONpemeveHHA aloT COrsacoBaHHble MU Teowio- 
FHYECKH ONPaBaHHble 3HAYeHHA. STO MOXKET ObITb TOMbKO PH HaIMYHH Pajno- 
aKTHBHOTO paBHOBeCHA B MCCJIeyYeMbIX MHHepasax B TeyeHHe BCero FeoorUu- 
yeCKOFO BPEMEHH UX CYULECTBOBaHHA H BO BCeM PAY pacliala OT ypana JO CBUH- 
ta. MoxKHO 9TO MOsOXKeHHE MPOBEPHTb MPAMBIM MyTeM, CpaBHUBaA ComepHKanne 
ypana, OlNpefeeHHoe B aKIeCCOPHBIX MHHEPasaxX JOMHHECILCHTHBIM METONOM 
H BBINHCJIeEHHOe NO pazHto. : 

Hexotopnie H3 TaKHX JaHHbIX NpuBezenbl B TAaOM. 2, U3 KOTOPOK BUH, 
uTO BO BC€X Cly4yaAX paluoaKTHBHOe paBHoBecue B patty U—Ra mpumepxo 
coxpanserca B Mpesemax TOUHOCTH METOZOB ONpenenenus (10—15%). Crenyer 
OFOBOPHThCH, YTO PaBHOBeCHe B AKI[eCCOPHLIX MMHEPalaX HE XapakTepUsyerT 
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APAGAemiL ee 2 


G *aHue U, o Conepxxanue U, cs) 
cme |S gare | 
o 

Munepaut 8 Muuepau g 

JUOMUHeCcK.|paquoxum.| & JNOMHHEeCH.| pagqHOXHM.| 
MeTO,, MeTOA § se MeTO MeTOX, 6 se 
UupKon I 0,57+0,06 | 0,6340,03 | +10 Mouauut VI 24,042,0 | 24,041,5 | —12 
Teen Il 0,21+0,03 | 0,20+0,04 —) Monauur VII 4,5+0,2 5,0+0,2 +41 
LupKou III 0,52+0,07 | 0,53+0,03 +2 Monauut VIII 17,5+1,5 | 16,6+0,9 —5 
LjupKon IV 2,440.3 3, 6+0,2 +8 Coexu I 2,9+40,2 2,8+0,1 —3 
Masakou . 7,2+0,2 7040.3 —3 Coeu II 1,9+0,4 1,8+0,1 —5 
MouauutT I 3,1+0,5 3,4+0,2 +10 Optur I 2,6+0,1 3,0+0,2 +16 
Mounawur II 6,61+0,5 6,9+0,8 +5 Oprur II ‘late We) 1,740,141 +43 
Mouawurt III 13,0+1,0 13,0+0,6 0 Toput I 31,5+4,1 34,0+1,7 +45 
Monawuut 1V 3,2+0,1 3,1+0,2 —3 Topnr II 76,0+7,6 72,0+3,5 =) 
Monauut V 19,0+2,0 | 20,0+1,0 +5 AnatTur 0,45+0,02 | 0,58+0,03 | +6 


Bcro nHopogy. Bomee Toro, HanOoee NOABHxKHEIe PopMpEI U u Ra ckopee mpuypo- 
yYeHbI K MOposoobpasyioullMM MMHepallaM, HO KOJIMYECTBEHHOe COOTHOIMCHHE 
3THX (POPM, KaK HM CaMO CYMLECTBOBAHHe 3HAYMTEJIbHbIX KOJIMYCCTB MOB XKHbIX 
cbopm ypaHa B CB@xXKHX, HE H3MCHEHHBIX HAJIOMKEHHbIMM MpOmeccaMu rpaHuTax, 
BeCbMa J\HCKYCCHOHHO (”). 

B KayecTBe OOulerO 3aKJIIOYCHHA MO2KHO OTMETHTb, YTO B CBEXKUX COXPaH- 
HbIX [paHUTaX, He H3MCHCHHBIX MOCTMarMaTH4eCKMMH MIporeccamu, payqwoaKkTUB- 
Hoe paBHoBecue B pady U—Ra cyuecTBeHHOo He HapyleHo. B paccMOTpeHHOM 
curyuae rpanuTos LleutpambHoro TaHb-llaHa OHO BPA JH CABUHYTO Oowlee 
yem Ha 10%. CreqoBaTesIbHO, B YKa3aHHbIX NpeseswaxX TOUHOCTH MeTON payHo- 
XHMMYECKOTO aHaJIH3a MOXKHO IPUMeHATh JIA OMpeweseHHA ypaHa B rpaHuTax. 

Jia Oomee TOUHOTO HW WIMpOKOTO BHIACHeEHHA JaHHOTO BOoMpoca HeEOOXOMMBI 
TULATeJIbHbIE WH TPyOemMKue PaOoTH C MPHMCHEHHEM HOBBIX, elle MaJIO OCBOeH- 
HbIX M€TOJOB. 

Tlocrynus0 


2 Whe 9ee 
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Jlokaann Akayemuu nayx CCCP 
1960. Tom 132, Ne 4 


HHT OJIOVH fl 


r. M. TEOPrMEB u tO. C. YEHLOB 
O CTPYKTYPE KJIETOUHOTO APA 


SIKCNEPHMEHTAJIBHOE _3JIEKTPOHHOMMKPOCKONHYECKOE HCCJIEXOBAHHE 
M3OJIMPOBAHHDbIX AEP 


([] pedcmaeaexo akademuxom H. H. Ll maaveaysenom 20 XI 1959) 


Jio HacToallero BpemMeHH BOMpoc 06 yubTpactpyKType KeTOUHOFO Apa oc- 
TaeTCd BO MHOFOM HEACHBIM. QJI€EKTPOH HOMUKPOCKONMYECKOE H3y YeHHe KJICTOUHbIX 
aep MO3BOJIMIO OOHAPyXUTb B HAX MUKPOuOpuEI ZHamerpom 100—200 A, 
COOTBETCTBYIOWIMe, NO-BAAMMOMY, MOVJIeKyaM jes0KcupHOonyKJeomporeuya 
(LHI) (*). Brito Moka3aHo TakxKe, YTO AAPbILIKH MMEIOT BOJIOKHHCTOe cTpoeHke, 
MpH4eM BOJIOKHAa COMepxKaT MHOPOUNCJICHHBIC MeIKHe rpaHybi (7,°). OgnaKo 
CBeEJCHHA OTHOCHTEIbHO CTPyKTYpbI XPOMaTHHAa (XPOMOCOM), COeMMHEHHA B HX 
moueky JLHI (*), ssaumocsaseli Aqppiiek uw XpOMOCOM BeCbMa OrpaHHyeHEl. 
B pa6orax 36apcxoro u Teopruesa (°, °) u Peopruesa (7, *) 6pi0 MOKa3aHO, UTO 
coleBoe (paKUMOHUPOBaHHe Aep MOSBOJIAeET H3OUPATEIbHO H3BJIEKAaTb MaTepH- 
aul TOM WIM HHO CTpyKTypb Apa. Mcxogsa u3 sToro, MbI MOMbITaIMCh NOLOUTH 
K MOHHMMAHHI0 CTPyKTYPHOH Opranu3salun Aep NyTeM 3JIEKTPOHHOMHKpockonnye- 
CKOPO aHaJIM3a Pe3YJIbTATOB SKCTPaKWMU AMep COOTBETCTBYIOILUMH PaCTBOPUTe- 
JAMHM, a TakxKe Mocle elicTBuA HyKIeas. Mcnob30BaHHe M30JIHPOBAHHbIX ARep 
YHOOHO JIA BCEBOSMOXKHBIX IKCMCPHMECHTAJIbHbIX BO3CHCTBHH, 

OObeKTOM HCCIEROBAHHA CJIY KUN Apa, H30JIMPOBaHHble 3 MeYeHH KPBICbI 
Cax apo3HO-rulMmepodocaTHbim meToyom (°). Pukcanu Beau 1% OsO, B TOK xe 
camMOl COleBOH Cpeye, B Kako Nepex 3TUM ObliM Apa; PH cpenp RoBoANICA WO 
7,2 raumepodocdatom HaTpun. Apa 3aKsr0uaINCb B CMeCb OyTHIMeTaKpHulaTa 
M MeTHJIMeTakpHulaTa, Cpe3bl U3POTOBJIAHCb Ha MUKpOTome Ilectpangza. Mccue- 
JJOBaHHe Cpe30B MPOW3BOAMIOCb Ha QICKTPOHHOM MuKpocKorle YIM-100. 

QACKTPOHHOMUKPOCKONNYeCKad KAPTHHA M3OJIMPOBaHHbIX KJICTOUHBIX Aep 
(puc. 1 a) aHanorMuHa TaKOBOH B MaTepHase, PHKCHPOBAaHHOM B Bue TKaHEBOrO 
60Ka. Ecau dbuxcamuio peru no lecrpangzy (*°), To s/{ppilikH HMevIH OODITHBIH 
BAA, XAPAKTePHbIM MIA AMpbMuNeK Neyenu KppIch (*); eC AQpa PuKcHpoBasu 
1% OsO, B caxapo3e, TO B AMPbIIMIKaX YeTKO BbIABJIAJIMCb TOHKHe HATH AMaMeT- 
pom oxosio 100 — 150 Ac rpanyaamu ua Hux (puc. | 6). Bea crpyKTypa Aqppi- 
eK Oblia pu 3TOM Gonee pHIXJOM, XPOMATHH HM AMepHbIH COK He OOOCOONEHbI H 
COJepxKaT POMOPeHHO paclipeleeHHble HUTH HW rpaHyJbl MPHMepHO OAHHAKOBOrO 
ynametpa (100 — 200 A). 

Skctpakuua 0,14 M NaCl, yaaatouaa aqepupilt cox (°-*), BeqeT K CTPyk- 
TYPHpOBaHHO xpomaTuna (puc. | e@). Ckonmenua MaTepHasia MocreqHero YacTO 
TIPHMBIKAaIOT K OOOIOUKe ALpa. B CKOMMCHHAX TAKKE BHIABIAIOTCA HUTH, Pactlo- 
JOXKCHHbIE B PASHbIX HaNpaBeHuAX. WacTO HeCKOMbKO HUTEH JeKAaT Mapaseb- 
HO Apy? Apyry B HanpaBrenun, NepMeHAMKyAApHOM OCH CKOMMeHHA MaTepHadta. 
0,14 M NaCl ppispipaeT MHOFOUNCICHHIC PaSPLIBbI ALEPHOH OOOOUKH, KOTOPHIe 
MOXKHO HEMOCpeACTBEHHO HaOJOLaTb B 9JIEKTPOHHOM MUKPOCKONe. OTH PaspbIBEI 
BeLyT K TOMY, ¥TO Mocmemyloulee yHaeHHe JIHII 2 M NaCl nomHoctbtio paspy- 
iaeT Apo, uM OCTalouMecA Moce STO OOPaOoTKU CTPyKTYpbl AApa pacnosara- 
OTCH B OCAKe COBEPLICHHO XaOTHUHO. 

Tlockowbky pa3pywienne apa 3aTpyAnseT ueHTMuKalMiO KOMMOHEHTOB, 
Mbl HCKNOWAM UperBapuTerbuyto akcrpakuuio 0,14 M N aCl u cpasy oOpada- 
ThHIBaIM H30JIMPOBaHHble H CYCMeHAMPOBaHHBIe B Caxapo3e-ruinepoocare Ajq- 
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_ | 
pa 2—2,5 M NaCl. pu etom JLHI] yganserca, Ho o6on0uKa ocTaeTCA exon 


sajlpa COXpanstoT cBoro (popmy (puc. | 2). B aqpax XOpOuio BUHbI AMPbILIKH, Faq 
cTO MpHxKaTple K O6ON0UKe, HO COXpaHMBUINe CBOIO CTpyKTypy. Kpome aqppmnek 
HW OOOJIOURK BbIABJIAIOTCA OOPa30BaHHA, HMeIOWUIHe OCeBy!O HHTb, BO MHOFHX Me- 
cTaX HIM WeJIMKOM yCeAHHYIO M@JIKHMH rpanysamu. CrpykTypbl Nocsequero TH- 
la Mbl Ha3biBaem «HYKseOHeMamu»: Kak ceqyeT H3 ONMCaHHA, CTpyKTypa HYK- 
J@OHEM 6/1M3Ka K CTPOCHHIO BOJIOKOH AApbllueK.OHH, Kak 1paBuJiO, CMATbI HK TeC- 
HO TipusieraioT (3a peqKUM HCKOYeHHeM) kK aqepHok OOomOUKe. Takue CMxaTbIe 
HYKJICOHEMbI MOryT ObITb OOHAPY2KEHbI B CBETOBOM MUKPOCKOTe i, MO-BHJHMOMYy , 
COOTBETCTBYIOT CTPyKTYpaM, Ha3BaHHbIM «OCTaTOUHBIMH Xpomocomamu» (%, ®, 
11 12) Tlocnegyrouan oO6padoTKa 0,14 M NaCl ne yqanner MaTepnasa aqppinieK 
W HYKJICOHEM. 

Jlanee Mbl uccieqopamM CTpyKTYpy Apa nocse WelicrBus e3s0KcHpHOoHy k- 
nea3p ([HKaspi) B Caxapo3Ho-rauyepodocpaTHo cpege 6e3 Mg®*. Ecum no- 
cine yelictaua J[HKaspr agpa d@uxcupospatu OsO, B 0,14 M NaCl, BpiaBasaach 
cnenyroulad KapTuuHa (puc. | 0). B aqpe xopomo BuyHa CBOOoAHaA OT rpanyd 
o6o0uKa. A/pbILUKO KOHJeCHCHPOBaHO, MO rpaHHye ero MPOXOAMT TOHKHH COK 
6osee MNOTHOrO MaTepHasa. HanOombuiMH MHTepec MpeACTAaBJAIOT HHTH TOJILIH- 
HOH oKOIo 600—900 A, cBo6oqHo nexKallNe B Ape. ITH HUTH TOKE HMEIOT Me- 
pudepuyeckue yuoTHeHua. Tam, rye cpe3 Mpoles BOJIb OCH HHTH, NO ee ce- 
Pe€NMHE BUAHO, YTO YIWIOTHCHHA HMEIOT IPaBHJIbHOe YepeMOBaHHe, MH HA OCHOBA- 
HHM aHaJiM3a KapTHHbl MOMKHO NpesNOJlaraTb, YTO OHM OOPa3syloT ABE CIUpasbHO 
BbIOULHeCH BUOJIb HUTH IWIACTHHbI, Jl@Kallue OHA HANPOTHB Apyrou. OTH HUTH, 
KOTOPbIe BCIEACTBHE MepHdepHyecKoro YyIVJIOTHCHHA 3HAYHTEIbHO TOIHLe, Fem 
HYKJICOHEMBI, CBASAHBI C OOOMOUKON, HHOTa MeKAaT BUOb Hee MU MepeXOAAT B 
BOJIOKHA SI[PbILUeK. 

Ecau sgpa nocne o6pa6otku J[HKa30H duxcupospanu OsO, B caxapos3e, TO 
nepHdepHyeckue YIIOTHEHHA OTCYTCTBOBAJIH H HATH HMCJIM MCHbIUMK WMameTp, 
MpeqcTaB/lAd TaKHM OOpa3soM THMMUYHbIC HYKeOHeMbI. HyKeOHeMbI, Kak y2Ke 
yKa3bIBaJlOCb, TepeXOAAT B BOJIOKHA ARpbIlllek, KOTOpble HMeIOT CXOjHOe 
cTpoeHue. 

Hakoneu, aqpa nocue qenctBua TH Ka3pi o6pa6aTpiBasn 2 M NaCl van cua- 
yana 0,14 M NaCl uw nocae storo 2 M NaCl. B o60ux cstyyaax nomyueHa cxon- 
Had KapTuua (puc. | e, 9). Aqpa ocTarorca WeIbIMH, XOTA H NOBOJIbHO CHJIbHO 
cKaTpl. B HUX BHHbI ARPbIWIKH H HYKJICOHEMbI, IIPHYeM MHOFHe M3 HUX Ne@KAaT 
CBOOOJHO B Ape u OOOO"KA, KaK MpaBHJIO, XOPOWIO BHIABAAeTCA B Bue ABY- 
CIOHHOH MeMOpaHBI, JIMMI€HHOM KakuX-1MOO rpanysm. B sTux cnyyaax HYKWeO- 
HEMBI MIp€CTaBeHbI TaKKe HAUTAMU TONMMHOH 100—150 A, wa KoTOppIx pacno- 
JOXKeHb! Tpanysbt Wuametpom 100—200 A. Ha sTux mpenapatax ouenb sacHo 
BHHO, YTO ALPbILNKH COCTOST M3 BOJIOKOH, aHaJIOTHYHbIX HYKIeOHeMaM, OOpa- 
3YIOULHX JOBOJbHO MVJIOTHBIM KyOOK. XOPOMWO BUAHO, Kak HYKJCOHEMBI Nepexo- 
AAT B AMPbILUKO MH KaK OHM IIPHKpelAoTCA K OOOOUKe ANpa. To, YTO CxORHBIE 
KapTHHbl CTPOCHHA HYKJICOHEM H AAPbIIMeK BHIABJIAIOTCA B Pa3JIHUHBIX yCJIOBH- 
AX, TOBOPHT O MAOH BEPOATHOCTH apTe*akTa, XOTH, KOHEYHO, 9TO H HYKaeTcH 
B JaJIbHeEHIMeH TULaTeJIbHOM MpOBepke. ; 

Ha OCHOBaHHM aHaJlH3a NOYYeHHEIX HAMM KapTHH M HEKOTOpBIX MTepatyp- 
HbIX JaHHBIX (*, °, °) MbI Tpeqmaraem ceqyloulyio rumoTesy cTpoeHus WHTep- 
basHoro KNeTOUHOTO spa (cM. puc. 2). Ee rnapupe nonomKenusa cnenyroule. 

1. OCHOBHbIMH CTPyKTYPHBIMH SJIeEMeHTaMH Apa ABNAIOTCH: a) AepHad MeM- 
Opana, 0) HATeBHAHbIe MONeKysIbI We30KCupHOouyKNeoNporensa UH B) HY KJ1@OHe- 
MbI (HUTEBHAHbIC OOpasOBaHHA C CHAAULMMM Ha HUX TpaHyamMu, BUUMO, pH6o- 
HYKJICONPOTeHAHOH MmpUpospt). 

2. Hykneonempi npeyctapsaior co6ol, m0-BAUMOMYy, OCeBYt0 CTpykKTypy xpo- 
MaTHHa M MpHKpelAIOTCH K AepHOK MeMOpane. Kuy6ok HyKseoHem OOpa3yer 
AJPbILUKO. 

3. Hutu JLHI] npuxpenastorca Kk HyKneonemam, OOpa3ya B KommeKce ma- 
TepHan xpomaTuHa. Hutu J{HII, npuxpenastoueca Kk nykmeonemam ALP bILI- 
Ka, N@KAILHM Ha €fO MOBEPXHOCTH, OOpasyiOT OKOJIOALPEIMUKOBEI XpoMaTHH. 
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Puc. 1. Usonupopanuble afgpa Neuen KPbICHI, 90 000 x. a— dukcauua no 
Iecrpangzy; 6— tbuKcauua OCMHeM B Caxapose C rauepopociaTom; 6 — 9KC- 
rpakuua 0,14 M NaCl, buxcaunsa OsOa B 0,14 M NaCl; e— axctpaxuna 2 M 
NaCl, duxcauua OsO4 8 2 M NaCl; 0— o6pa6orxa JHKas0ii, puKcayua 
OsO4 B 0,14 M NaCl; e—o6pa6orxa TH Kasovi u skcrpakuus 0,14 M NaCl u na- 
jee 2M NaCl, duxcaunt OsO. B2 M NaCl; oc — o6padorKxa JH Kasoit 
vw axctpaxuua 2 M NaCl, duKcayna OsO, B 2 M NaCl. 
‘4 — uyKseoHemEl, [HIT — Hutu THM, ak — agppuKxo, 06— o6on04Ka Azpa 


JLAH, T. 132, Ne 1, DeoprueB u Yenyos 
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4. IlpocrpaHcTBo MexKAy HHTeBMAHBIMM CTpyKTypamu saypa (HuTamu JLHII 
{ HYKJICOHEMaMH) 3aNOHeEHO rpaHysiaMH MW PpacTBOPHMbIMH OeKaMH AJepHOroO- 
0Ka. 

[Ipupeyennand runoTesa XOpouio OODACHAeT MMEIONLMeCA aHHbIe NO ybTpa- 
TpyKType KeTOUHOTO Apa. 

B wuTepasHom spe, paBHO KaK H B ApaX, M30JIMpOBaHHbIX B Caxapo3e- 
“iulepodocate cuctema HyKeoHema — HHTH JIHIT Haxogutca B Hearperupo- 
3aHHOM COCTOAHHH. [pany w OceBLIe HATH HYKeOHeMBI WH MOeKYJIBI JLHI) 
IMeIOT OJIM3KHE HaMeTPbI ox 
100—200 A) un senencr- 
3He TOFO, YTO OHH HAYT B 
JaSHOOOPaSHbIX HallpaB- 
NCHHAX, CO3MaIOT KapTu- 
Hy TOMOreHHOrO Apa. 

Tlog nzeicTBuem 0,14M 
NaCl, Kak H B pacTBopax 
a30nupoBaHHoro§ = THI, 
Ip OMCXOJHT, KOHJeHCallHA 
A UaCTHYHAaA arperallus 
quTeH JLIHII,4 pcneqcTBue 
STOTO BCA CTPyKTypa Co- 
Kp aullaeTca.PasppiBpi 060- 
NOYKH JerKO MOryT ObITb 
OObACHEHbI, TAK KaK HYK- 
MCOHEMbI,  SABJIAIOULHeCA 
9CeBOH HUTbIO XpOMaTHHa, 
APHKpenieHbI KOHWAaMH. K 
6on0uKe. HanpaBnenne 
gute JIHTI orHocutTenbHO 


ICH KOHJCHCHPOBaHHbIX Puc. 2. Cxema npegnonaraemoi crpyKtypb uATepiasHoro: 
oTpyKTyp (Mocne 9Kc- #eTouHoro Ampa. 4— Hykneonemp! J[HI] — HuTH AHN, 

AK — A[PbIUIKO, OX— OKOJIOAAPBILUKOBbI XPOMATHH, cA — 
rpakuun 0,14 M NaCl) ne Gneprut (ook 


MOXKET ObITb OJHO3HAYHO 
pemeyieHO U3 aHAaJIM3A 3CKTPOHHOMMKPOCKOMMYCCKHX KaPTHH, HO‘, BCe 
Ke MOCe€AHHE MO3BOJIAIOT CUHTaTb Oomee BePOATHLIM MpuKpennenve JLHIT- 
HATCH KOHILA€MH K HyKwieoneme, 4vem coequHenuve JIHII-HyutTei Konell B KOHEL. 
epsbili THM OpraHH3saunu sjepHOro MaTepHasa NO3BOMAeT JyuIe OObACHHTb 
BOCCTAHOBJIeHHe MepBHYHOM TOMOreHHOM CTPYKTyPpbI Noce NOMeMleHHA AMep B 
ACXOMHYIO cpeny. ; 

CyeCcTBOBaHHe HYKJICOHEMbI, €€ CBA3b C OOOMOUKON, MpUcyTCTBHe HYKeo- 
HeMbI KAK B XPOMATHHE, TaK H B AZPbIWKe CeLyeT U3 IIEKTPOHHOMUKpocKonuye- 
cKHX KapTHH Aep C paspylWieHHbIM HIM yNanenHpim JIHII. JlononHutembHo He- 
96XOHMO OTMETHTH, YTO THNHYHAA HYKJIeCOHeMa OOHAPyxKeHa B ALPbILWKAaX He- 
\OpasoTaHHBIX Aep, CCIM TOMLKO PUKCAaLHA MOcMeAHUX Beach OsO, B Caxapo3- 
HO-rIMUepodocaTHon cpexe. HyKJeOHeMbI XPOMATHHA M3-3a TOO, 4YTO HX Ma- 
MeTp OvM30K K JMameTpy HuTeH JIHIT, B ucxogqubix aqpax HeHTHpPHLMpOBAaTb 
[pYAHO. 

Takum o6pa30m, Mpeznosomwenne 06 HACHTHUHOCTH CTPOeCHHA HM COCTAaBa AZ- 
DbIWIEK H TAK Ha3bIBaeMbIX <OCTATOUHBIX Xpomocom» (°, §, 11, 1*) nozTBep»KnaeT- 
ca. Appuuko — 3sTO Ky6OK HYKJICOHEM, a «KOCTATOUHbIE XPOMOCOMBIy — 3TO 
dy KJICOHEMbI XPOMATHHA, HO CMATHIC H aBlliMe CKaKH B Mpomecce H3BIeVeHHA 
24eHb BASKOFO pacTBopa JIHI] u3 appa, B pesymbTaTe yero UX H MOXKHO HAaOJIO- 
[aTb B CBeTOBOM MuKpockone. Ecau yAasnempii pactsop JIHII ne saskui (no- 
ie O6pasoTku JLHKa30#), TO HyKseOHeMbI He WeP@OpMUpyioTcA uM OCTAIOTCA B 
JACI PaBJCHHOM COCTOAHHM, yAXe HE BbIABJIAACb B CBETOBOM MHKPOCKOTEe. 

Hakonell, KapTHHbI, NomysenHble Nocre O6pabotKu JLHKa30i, nator yKa3a- 
ive Ha Xapaktep B3aMmMooTHOWeHHH HyKJeoHeMpI uM JTHIT. [pu duxcayun B ca- 
‘aposHo-rinuepodocaTHon cpeze ockoKu J[HIT waxoqatca B pacTBopeHHoM 
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cocTosHMH MH MosTOMy He BbIaBuaoTca. Tipu duKcanun B OsO,— 0,14 M NaCl 
IpOHCcXoUT ocaxenHe JLHT ua wyKeoHeme, NpHyeM MpaBAJIbHbIM MOpALOK ero 
PaCHOJIOKeHHA TO JWIHHe HYKJICOHEMbI (Ba CMMpaIbHO HAYULAX Apyr MpoTHB 
apyra yHJIOTHeHUA) MO3BOJIMeT YMaTb, 4TO 3TA KOHJeHCalNA HeT NO JIMHHH 
lipukpenienua uutel JIHII x syKseoneme Ha cparmentax JIHII, coxpannsuimx 
elle CBOIO CBA3b C HYKseOHemOli Mocue neictBua JHKaspr. Jlanupre Moseca (*) 
0 CTPyKType MeHoTHYeCKHX XPOMOCOM TakxKe TOBOPAT B NOJIb3y MpPHKpelMeHHA 
yuteH JLHII k oceBbIM HHTAM THIIa HYKJICOHEMBI. 

Takum o6pa30m, Oularoxapa MpMMeHeHHIO KOMIIeKCHOrO MOAXONa K H3yde- 
HHIO YJIbTPACTPyKTYPbl Apa, Ham yalocb OOHapyxXuTb, NOMuMO J[HII, uute- 
BHHbIe OOpas0BaHHA — HYKJICOHEMbI B HHTepPasHbiIX ApaxX —MW MOKAa3aTb UX 
OMHaKOBy!O CTPYKTypy Kak B A/PbIWKe, Tak MB XpoMaTHHe. KoneyHO, Npey- 
ylaraemoe OObACHeHHE CYOMMKPOCKONMYeCKOTO CTPOeHHA Apa ABJsAeTCH pado- 
ye THMOTe30H, KOTOPpad B Mpomecce NpOBepKu HW AOpaOoTKH MOET MpeTepreTh 
H3MCHeCHHA. 

Pay, BOMpocoB, B YaCTHOCTH, Halpumep, O NOBeLCHHH HYKJICOHEMbI IPH MH- 
TO3e, O YUCIe HYKJIEOHEM B XpoMOcoMe (OHA HJIM HECKOJIbKO?) HT. A. B HaCTOSA- 
uleH paOore He CTaBHJICA HM MOKET ObITh paspellleH JIMUIb MPH H3YYCHHH MUTO3Aa 
CXOQHBIMM MeTOaMH. 


VWucrutyr Mopdosoruu xuBoTHbIX uM. A. H. Cepepuosa Tlocrynuso 
AxaylemMuu HayK CCCP 13 XI 1959 
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CHCTOJIOCHA 


B. JI. BOPOBATHH 


IJIEKTPOHHOMVKPOCKONMYECKOE HCCJIENOBAHHE 
YJIBTPACTPYKTYPbI MHEJIMHOBOU OBOJIOUKU 
MEPH®EPYMYECKOLO HEPBA JISTYWIKU 
B PA3SJIMUHbBIX YCJIOBHAX ®AKCAUMM OBbBEKTA 


(1Tpedcmaezeno axademuxom A. H. Onapunom 8 X 1959) 


Hisyyeuve BOMpocos, CBA3aHHbIX C BOSHAKHOBCHHEM KM MpOBeeHHeM HeEPBHO- 
0 uMMyJibca (+), TpeOyer TUaTebHOFO UCCEMOBaHHA YJIbTpacTpyKTYpbI HEPB- 
oro mpoBoguuka (°, °). 

B HacTosmee BpemMa CoveTaHHeM OHOXHMUMYECKOFO HW PeCHTTEHOCTPyKTYPHOrO 
HaJIM30B C Me€TOJ.aMH 3JIEKTPOHHOH MHKPOCKOMMM JOKa3aHO HATHBHOe CYyIeCcT- 
OBaHHe Me€pHOLMYHOCTH B CTPYKTYpe MHEJIMHOBOH OGOOUKH. ITa NepHOAMYHOCTh 
JeHTHYHA YepeNOBaHHIO OCMECOMUJIbHbIX PaHOHOB Ha (PHKCHPOBaHHbIX OCMHeM 
peliapaTax, Jaloumlux XapaKkTepHble KapTHHbI Ha QICKTPOHHOCKOMMYECKUX (POTO- 
papuax. Ha puc. | mpuBeyeno cxematTuyeckoe pacnpejemeHue Os B thocdho- 
HIMMAHbIX HM MPOTCHHOBbIX KOMILI€KCaX MHe@JIMHa COriacHO JaHHbImM CroKkeuuy- 
aA (*). 

M3yuenve PyHKUMOHAIbHbIX H3MCHCHHHM YJIbTPacTPYKTYp HePa3pbIBHO CBaA- 
aHO C BONpocaMu COXpaHeHHA WX MPHKM3HeEHHOH Opranusalun u TpeOyeT BbI- 
opa CTaHapTHbIX yCJIOBHH PuKcaluH OODeKTA. 

OcHOBHOM 3a aye HaCTONINero COOOMLCHHA ABJIAeTCA ONpeseseHHe HaHJy4- 
[UX YCJIOBHH UKCAaMMH KOMMOHEHT YJIbTPaCTPyKTYPbl MHEJIMHOBOM OOOMOUKH 
epudepuyeckoro HepBa OCMHeBOH KHCJIOTOH u dopmasuHoM. JluTeparypupie 
aHHbIe O (PUKCAaWHM STOFO OOBeKTA B OCMHEBOM KUCIOTe He COMepxKAaT CTporo 
IPpaOOTaHHbIX MeTORMYeCKUX TIpMemMoB, a OMNCaHHe PepHane-MopanHom u 
MHeaHOM (°) IipHMeHeHHA B KayecTBe (buKCaTOpa POpMaJIMHAa He WaeT BOSMOXK- 
OCTH BbIACHHTb eFo eHCTBHe Ha COXpaHeHHe YJIbTpacTpyKTYpbI MuewHHa. Bpl- 
CHeHHe STOFO BOMIpOca TakxKe MpescTaBJAeT HHTepec, HOO OOMLEH3SBECTHO, YTO 
OpMaJIMH OG6aaeT OTHOCHTEIbHO OOJIbUIOH CKOPOCThIO UuKCaMU TKaHeH. 

B Hallux SKCiepHMeHnTaXx ObIIM MCHOb30BaHbI Napbl yucToro 5% pacTBopa 
sO2 4 1 % pactBop OsOa (Kak anpoOupOBaHHbIlt B 9JIEKTPOHHOMHK pOCKOMMYECKAX 
cceqOBaHuAX (buKcaTop), 4% pacTBOp HeHiTpambuOro shopMasmMHAa (Kak ObICTpPO 
UKCHPYIOWMH arent) B alleTaT-BepoHaloBom OydepHom pacTBope pu pH 
2 (°,"). Dukcauua ceqasMIHOrO HepBa Jaryuiku (Rana temporaria) mpoBogu- 
acb in vivo (npu ¢t = 46°) nelirpambubim dopMasMHOM B Teyenue 7—15 mun. 

nocieqyioued ummpernauvelt B 1% OydepHom pacrBope OsOa B TeveHHe 
yac.) u 1% pacrBopom OsO. B Teyenue 1—1,5; 3.4 4,5 vac. OuKcaua B Napax 
% pacTBopa OsOa mponopusiach up ¢ = +2° B Teyenne 2,5 yac. (mocae (puK- 
{IMM HeTOcpefCTBeEHHO CHupTOBad MpoBoyka yepes 35; 70; 96 u 100° cmupt). 
0 OKOHYaHMM cbuKCalMM KyCOUKM TKaHH MpOMbIBaJIHCb PpacTBOPOM Punrepa 
5 MMH.) MH MpOxo_usM COOTBeTCTBYIOULy!IO OOpadoTKy (7) c mocnenyrouleH 3a- 
1BKOH B CMeCb OyTHJI-MeTuIMeTakpusaToB (4:1). [lomumepu3atua 6sIOKOB 
nOBOAUIACh UpH 1 = 48—50° B Teyenne 24 uac. Ilonepeypie u MposoububIe 
e3bI MH@JIMHOBOM O6ONOUKM AKCOHOB CTBOJIA CeaJIMULHOrTO HepBa JIATYWKH 
Duy Yas Ha MukpoTome [[lecrpanya C MpHMeHeHHeM CTCKJIAHHBIX Howe (8). 
ne3hi TOsMMMHOH 200-250 A nomemtaiM Ha CielMaIbHO MpHroTOBeHHbIe Tpey- 
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MeTHBIe ceTKH* H UCCeMOBaIH Ha 2IEKTPOHHOM MUKpOCcKoNe THH 
Y2M-100 (2°) npu pasronsloueM HalpAKeHHH B 60 kB (anepTypHax aah 
OObEKTHBHO! WMH3bI 304) HM SJIEKTPOHHOCKONHYCCKUX yBeMHYCHHAX OT 10000 x 
17000. KapTunsr cyOmuKpockomuyecKoro CTpOCHHA MHEJIMHOBOH 060.10 4K! 
aKCOHA, MOJyYeHHbIe C MOMepeyHbIX HM MPOMObHBIX YJIbTPpaTOHKUX CPesOB, Wek 

THUHBI. J e 
Moro: pabun MueIMHOBOH OOOI0UKH, GuKCHPOBAaHHOM 4% (copMaJIHHOM 
NOKa3bIBaioT rpy6oe HapylleHHe MepHosuMHOCTH B CTpykType MHeJIHHA C TIC 
ABJICHHEM Pa3PbIBOB B JIMMOMPOTCHHOBbIX M@KPOMOVICKYJIAPHBIX CJIOAX (puc 
2, 6). QN€KTPOHHOMHKPOCKONHYECKHe KapTHHbI MaTepHaa, (buHKCHPpOBaHHOr 
B Mlapax OsOa, JatoT ay ue 
ard cOxpaHeHHe BCeX KOMMOHEEH 

WW ah iy 
D y, Ss ca eS TOB YJIbTpaCTPyKTYPbI MHE 
WA TAA A AAPA rs JMHOBOH O6O/IOUKH aKCOH 
& (puc. 2,./. u 1 A). 
++ t + KE HHH 295268 QJIEKTPpOHHOCKOMH 4eCKH 
a CHHMKH MaTepHasia, PHKCY 
0 
all IT dle thot sbketicel Nal ibaa te Veal _ popaxxoro 1% pacTBopoi 
= = D=25+30/ OsOa B TeYeHHe 1—1,5 4ac. 
I I | | II | | | | th | | | WawoT KapTHHbI C MeHEe 4eT 
KO BbIpaKeHHOH CTPpyKTypo 
Puc. |. a—mporeuuosbili MakpoMoiekyIApHbl cnoH,6—  MHentHHa. XOpOWIO BHYH 
OCMHpOBaHHbIe rH{pOPoOuble CBA3H OMMOMEKYJIAPHBIX UeNeH = 30np7 KOHTAKTA IIpOTeHHC 
dochonunuzos (5). ®— munua ruypodumbybix cBaset 

CM@KHBIX WeneH cochonunuyjos. P—nepuon yepefopanns BbIX ‘5 MaKPOMOJICKy JIA P HBI 
aunnit D weneH C rH popoOubIMu CBS 


3AMH ocoHNHAHbIX Lene 
(auHuv D=25--30A c nepnogom P=120+135 A), aTakxe umnperHalna ocmue 
rugpooOunbix cBa3ei OuMOseKYJIAPHbIX Weel dochonunugos (mMHuH i =15- 
18. A) (pues 2; 2). 

Matepuas, PUKCHPOBaHHbIM OCMHeM B TeyeHHe 3 4aC., aeT KAPTHHBI 
MeHee YETKO BbLIPAKEHHOH yJIbTpacTpyktTypou. Tlourm ucue3zatoT MMH i, MeHE 
yeTKO BbIpamkenb! H D-nunun. HaOmojaeTca NOABMeHUE CHJIbHO OCMHPOBAaHHBI 
yuacTkoB (rpany J’) Ha JMHHAX WH B JHMMAHBIX LenAx (puc. 2, 8). 

@MukcawuA MaTepHasia OCMHeM B TeyeHHe 4,5 4ac. JaeT KAPTHHY CTPYKTYPb 
rye HapsAy C NOJHbIM OTCYTCTBHEM JIMHHH 7, NOABMeHHeEM rpaHys  Ha6mioqae 
CA YaCTHYHOe Hapyllenve HHH D uw OOpas0BaHue JaryH JJ Ha MeCTe JBOHHBI 
OUMOJIEKYJIAPHBIX WeneH cboccdouunugos (puc. 2, 4 u 5). 

Ha ocHOBaHH MpMBeQeHHbIX JaHHbIX MOXKHO 3aKJIIOUHTb, YTO MpMMeHeHE 
B KayeCTBe (UKCAaTOPa MPOPMAINHA HE aeT NOMOKUTEMLHBIX Pe3yJIbTAaTOB, uC 
ero JeHCTBHE, OYEBHAHO, CONPOBORMAaeTCA HaPYWeHHEM MOMECKYJAPHBIX CBA3E 
B OHOXHMHYECKHX KOMII€KCaX CTPyKTYPbl MHeNHHA. 

KapTHHbl MHeJIMHOBOM CTPyKTYpbl, NOMYYeHHbIe Nocse uKcauuH uCcTeLy 
MOrO MaTepHavia B Mapax 5% pacTBopa OsO4 u B 1% pactBope OsQO« B TeyeHI 
1--1,5 4ac. JaloT XapakTepHy!0 CyOMMKPOCKOMMYECKYIO CONCTOCTh, MapamerTp 
KOTOPOH COBMaaloT C JaHHbIMH, H3J1I02%KCHHBIMH B pa6oTax Depnanpeu-Mopan. 
Po6eptcona u gp. (4,°,°). 

YpemueHHe BpeMeHH (uKCalMH OcMHeBOM KHCOTOH Jo 3 u 4,5 4a 
yXyMulaeT COXpaHHOCTb CTpyKTypbI MuennHa. IIpH AuTeIbHOM JelicTBUH dul 
Cupytollero pacTBOpa OCMHA, BEPOATHO, MPOUCXOAUT Hapyllenne cBAse MaKpI 
MOJICKYJISAPHbIX CIHHHU, B Pe3yJIbTaTe yerO NOABJAIOTCA PaliOHbI CKONNeHE 
ocMux (rpanysbt 7), ucuesaioT ocmeodububie AHHH B cbocoMMMAHEIX 61 
MOJIEKYJAPHBIX WelAX WH MPOMCXOAHT YaCTHYHOe paspyllenue ruypomusbup 
CBASCH MOCIeIHUX (pacxomenue WMHHH D c o6pa30BaHvem siaryn). 

* O6nuHbIe TIp€IMeTHbIe CETKH HEOJHOKPaTHO IIPOKaTHIBaJIHCb M@*K]Y CTAJIbHbIMH BadKah 
10 MaBsIeHHeM C OJHOBPeMeHHBIM TpaBseHuem B HNOsg (70%) u nocnexyrome npoMBEIBKOn 
cnMpTe, aleToHe. SarpaA3HeHUA yaAIM TpaBeHueM B KOHWeHTpHpoBaHHoH HCl uw Kunsauenne 


8 NH,OH B teuveyve 2—3 mun. Ha uucrie mnockve ceTKu HaHOCuAH @opMBapoBy Ten! 


TOMHHOH B 200 A (%) (nepex HaHeceHveM NeHKH ceTKU OOpabaTHIBaNHch pacTBopom (bopmBap 
pasOaBeHHOrO juxnopsTaHom | ; 2). 
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Puc. 2. Tlonepeynpie H MpOMObHbIe Cpe3bl MHEMNHOBOH OOOONKH AKCOHOB CeMaJIHULHOTO 
Heppa JIArywkH (pa3iu4Hble ycnoBua PUKCauHH, CM. TeKCT) 


ILAH, T. 132, Ne 1, Bopoparni 


M3 W3M0%KeHHOrO MOXKHO 3aKJIOUNTb, YTO ONTHMAJbHBIMH YCJIOBHAMH, pe- 
OMCHAYCMbIMH Id DAKCalMM CTPyKTYP MMe€NHHOBOH O60I0UKH HepBa, AB- 
mmioTca Mapbl 5% pactBopa OsOa u 1% pactBop OsOa mpogouKuTebHOCTBIO 
MKCalluH B TeyeHHe I--1,5 yac. CooTHoulenue xe CKOpocTu Andy HAMpoBaHus 
CMHA B TKAHAX (1 cex. 0,3 4) Hw pa3smMepoB MueMHOBOM O6O0UKH aKCOHO- 
epHdepuyeckux HepBos (oT 0,07 no 1 4) maeT BOSMOXKHOCTb, NO HalllemMy MHe- 
MIO, HCNOJb30BaTb STH YCNOBHA CUKCaMHH Mp H3y4eHHH BOMpocosB, cBs- 
aHHbIX C H3MCHEHHEM YJIbTPaCTPyKTYP MHeJIMHA NpH ereHepaTMBHbIX Mporec- 
aX, a TaKKe BbIACHEHHA CFO PYHKUMOHAIbHOK POH B HEPBHOM MpOBOHUKe. 

B 3aKksioyeHHe aBTOp BbIpaKaer OnaroyapHocTb npod. IT. M. Mpanky 3a 
MeTOMMYeCKHE YKa3aHHA IPM BbINOJIHeEHHM paOoTbl, a TaK»%Ke 34 MOMOILb, OKa- 
3aHHy!O IPH NOArOTOBKe pyKOMUCH K MeuyaTH. 


Mucturyt Ovonornyeckoh dusuKn Tlocrynuno 
Axajemun HayK CCCP 8 X 1959 
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\ 


BHO®H3HK 4 


A. B. BYPCHAH 
BJIMAHWE FAMMA-JIY4YEM HA 3MBPHOHAJIbHbIM SPUTPOMO093 — 


(IT pedcmasaeno axademuxom H. H. Anuuxceoim 7 1 1960) | 


VispecTHo, uTO XapakTep OTKJIOHEHHH OT HOPMaJIbHOrO 2MOpHorene3a pas- 
JIMYHbIX OPPaHOB HM CHCTEM 3aBHCHT OT CTaqHH Pa3BHTHA, B KOTOPOH HaxOUTCA 
3MOpHOH K MOMeHTY OOsyueHHA. B sTOM TlaHe H3BECTHbI MCCIeOBAHHA Palua- 
IHOHHBIX NOBpeEKLeHHi pasBHTHA HepBHOL cucTempl (1), CKeteTa (°) H ApyrHux 
cucTem. Pa3BuTHIO 2Ke CHCTEMbI KPOBH MOj, BIMAHHeEM HOHH3SHPYIOWWMX H3/y4e- 
HH MOCBAULCHO CpaBHHTeJIbHO HeOOJIbLIOe KOJIMYeCTBO HCCeqOBaHHH. Mey 
TeM, C CaMOro HavaJla KJIMHHYeCKOFO H SKCHECPHMCHTAJIbHOTO MPHMCHEHHA PeHT- 
Pe€HOBCKHX JIyuel OTMeUaIHCb SOMbIUMe TeMaTOJIOTHYeCKHe H3MeHeHHA y OTe 
WM B3pOCJIbIX 2KMBOTHDIX (,*). B HacTomilee BpeMA STH H3MeHEHHA XOPoOrIc 
usyyueupr (°~ 8), 

Kpome o6ulen3BeCTHBIX H3MeHeCHHH KpacHol wu Seno KpoBH pu JTy4yeBou Oo- 
J€3HH B pxe CulyuaeB OOpalilawT Ha CeOs BHHMAHHe rlyOOKHe KayeCTBeHHBbIe Ha 
pyleHHaA remomoasa, Syecb CeyeT OTMETHTb BO3HHKHOBCHHE JICHKCMOHHbIX 
peakUHi (10 pAAy WaHHbIX pa3BepHyTOH KapTHHbI JIEHKO3a) H MOABJICEHHe OUALOE 
mMeraoOlacTHyecKkoro spuTponossa. M Ta, wu Apyrad peakWuu XapakTepu3syrorcs 
ONpeWeeHHOH CTeENeHbIO IMOPHOHH3AHUM FeMOn0g3a. 

B monorpadun Eroposa vu bouxapesa (°) yKa3bIBaeTCaA Ha CXOJICTBO aHeMHy 
Ajuccon—Bupmepa u rematTosiormuecKHX CHMNTOMOB IIpH wJyyepol 6o7esHu. 
B yacTHOCTH, STO CXOJCTBO Olpenxe JAETCA BOSHAKHOBEHHEM MerasloO acTHYeCKOrc 
KpoBeTBopeHna. B skcnepHMeHTe MerasoOacTuyeCcKad peakILMA KOCTHOFO MOBré 
OTMeueHa y COOaK B pe3’ysbTaTe XPOHHYeCKOFO PeHTTeHOBCKOrO OGyyeHus (°). 

MeranoOacTuueckad peakUMa BCTpeuaeTca He TOJIbKO pH MepHHIMO3SHOL 
aHeEMHH H JIyseBOH OoleSHH, HO H Up pale APyrux MaTOMOrMyeCcKHX COCTOAHUE. 
Oco6eHHO slerkO Mepexoy K SMOpHOHaIbHOMy, MeramOOsacTHYeCKOMy SPHTPO- 
MO033y MpOMCXOAUT y WeTeH panHero BOSpacTa NPM aHeMMAX, MelKO3ax, HHeK- 
IHOHHbIX 3a001eBaHHAX ('°). Ha OCHOBaHHH STOFO MbI BIpAaBe O*KUAAaThb ese CoNb- 
WeH JaOWIbHOCTH KPOBETBOPeHHA B IMOPHOHAJIbHOM NepHore. B 3TOM OTHOIIe- 
HHM B paMOOMOJIOrHYeCKOH MTepaType HMeIOTCA JIMIMUb OTAeIbHLIeE yKasaHus 
Ha YBeIMYCHHE KOJIMYeCTBa Me€TaJIOMMTOB H MeraslOOaCTOB B KPOBH 3MOpHOHOE 
HM HOBOPOMKCHHBIX KPbICAT, OOJLYYCHHBIX BHYTPHYTPOOHO B KOHWe GepemeHHo- 
cTa (11, 12), 

Hat uccneqopaHua MpoBezenbl Ha SMOpMOHAaX Kyp Moposy Genii ser- 
ropH. OOulyuenve aut y-syyamu Co®? mponsBoqHocbh MpH OOBIYHBIX yCOBHAD 
uHKyOalun Ha 5 MM 8 cyTKH (203a 1000—1300 r, momtHocTs 1,2—1,45 r/mun) 
TloqcunTpiBaiocb KOJIMYeCTBO KeTOK B 1 MM? KPOBH, OTHOCHTeJIbHbIe HU a6co- 
JMOTHBI€ KOJIMYECTBA KJI€TOK MePaJiO- H HOPMOO/IacTHYeCKOrO psaya. 

Y KYPHHbIX 2MOpHOHOB B HOpMe HasM4Ne MeralOOacTHYeCKOrO H HOpMO 
ONaCTHYECKOFO SPHTPOM033a NOKa3aHO pAZOM aBTopos (13-1), 

YcTaHOBeHO, 4TO MeralOONacTHYeCKHH SPUTPON033 HAYHHAeTCA B KPOBAHBID 
OCTPOBKaX BHesapOsbINeBOH Me3CHXH3MBI B | cyTKu MHKyGatMH. B nocnenyroune 
HM POpMupyeTca TepBbIt OpraH 2MOpHOHAMbHOFO KPOBETBOPeHHA B BUIE CeTI 
KPOBETBOPHbIX KallMJIJIAPOB B CTeHKe 2KeNTOUHOFO Mewika. Ha 5—6 cyTKH un 
kyOalun MeranoOacTHYecKHi SpHTponoss NpakTw4uecku MpeKpamaetTca. B sto 
Ke TIEPHOR HaYMHAaeTCA HOPMOONACTHYeCKHH IPUTpOMOs. 
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CaeqyeT OTMETHTL, YTO B UCCeLyeMbIit MepHox sMOpHorenesa KPOBeTBOpe- 
Hue COBepitaeTCA He TOJIbKO B TIpHMHTHBHOM HM BeCbMa Judiby3Ho pacriomoxKex- 
HOM OpraHe KPOBeETBOPeCHMA, HO H BO BCeH WMpKyJIMpylouleH KpoBu. B nepude- 
PHYECKOH KPOBH HaxOJATCA BCe CTaquM AudepeHyMpOBKu ZPHTPOMMTOB, HaqH- 
Had C MpospuTpoosacta M KJIETKH B Mpolecce MUTOTHYeCKOFO MH AMATOTHYeCKOrO 
qenenua. B Jabueliiuem remomos3 Bce Ooee KOHWeNTpupyerca B OpraHax Kpo- 
BeTBopenua. C 11—13 cyToK unkyOalluM KpOBeTBOpHaA PyHKINA MepexogUT K 
OKOHYATeIbHOMY KPOBETBOPHOMy oprany — 
KOCTHOMY MOSTY. 

Takum oOpa3om, 5 cyTKH UuHKyG6annn, 
M3OpaHHbie HaMH B KayeCcTBe cpoKa O6syue- 
HHA B | CepHH OMBITOB, NpencTaBsaroT cobot 
NepexOWHbIM 9TaN OT Mmeralo6sacTHyecKoro 
KPOBeTBOPeHHA K HOpMOOJacTHYecKOMy. Bos- U 
TeHCTBHIO TIPOHHKAIOWHX U3JIyYYeHHH B STOT Te- 
pHox, NoyBeprawrtcs KeTKH Meramob6acTHYeCcKO- 


4 120 


To 
100 


rO SpuHTponos3a B NpemuecTBylomleH 3pevioH u B 0 ; 7 = 
SpeNOW CTaMMAX, a KN€TKM NePHHUTHBHOTO 9pu- «Anu wnkybauue 
Tpon093a — B paHHeH, MasoquddepenupoBan- Zo 


Hon. []pu o6myyeHuu Ha 8 cyTKH uHKyOauun = §62O, 
IPHMUTHBHbIN SPHTPOMOS3 MOJHOCTbIO 3aKOHYeH, 
a 9JIEMCHTHI JEPUHUATHBHOTO psa MpesACcTaBeHbI 
CaMbIMH Pa3JIHYHbIMH CTalMAMU CO3peBaHUsA. 200 
Tlocne o61yyeHua AMI Ha 5 CyTKH MHKyOalnn 
oOulee KOMUeECTBO CPOPMCHHbIX JJICMCHTOB B | mm? 
nepuepHyeckOM KPOBH 3HAYHTEIbHO CHM KaeTCA 
WM CocTaBJIaeT Ha 9 CyTKH HHKYyOalMN JIMUIb 27% 
OT KOHTpOJIA. AHEMH3aLlHA B STOT MepHoy yCuau- 
BaeTCH MACCHBHbIMH KPOBOM3JIMAHHAMM B OOWIa- 
CTH TOJIOBbI 3apOsbIlla. 100 
IIpu quddepexuwupoBaHHom Moycuere oTmeye- 
HO, YTO AOCOJIOTHOE YHCJIO KJIETOK Kak MeraJio- 
OmacTHYeCKOrO, TaK HM HOPMOOJacTHYeCKOTO psA- 50 
fa (B 1 mMm®*) yMeHbUIeHO M0 CpaBHeHHi0 C KOHT- 
posem, 3a ucksioueHuem 11—12 qHa vHKyOauMn, 


& 
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KOra MeraJIOUMTOB HeCKOJIbKO OoIbIUe, 4eM B 0 
kKonTpowe. Jlia BbIdCHeHUA CTeneHH OOHApyKeH- 8 10 A M4 
HbIX H3MCHCHHH 4YHCIO KI€TOK MeraJiO- MH HOp- Anu unkybagua ——~ 


MOOMACTHYECKOTO PAA BbIPAKEHO B MpOuenTax 

uc. 1. COOTHOWMeHHe UNCIa Ke- 
MO OTHOUIEHHIO K COOTBETCTBYIOWEMY KOHTPOJO. 46% yerano6nactayecKoro ,(Mm) » 
J aHHpie puc. 1A CBHJCTEJIbCTBYIOT O TOM, UTO HOpMOOsIacTHYeCcKOro (x) psa. 
HOpMOOJacTHYeCKHH AapuTpoMo0s3 (OTpaxennem O6bsicHeHuaA B TeKCTE 
KOTOPOrO ABJIAeCTCA KONMYeCTBO HOpMOOacTHYe- 
CKMX 3JIEMEHTOB HepudepHyeckoH KpOBM) yrHe- 
TCH B 3HAYHTEIbHO OOIbIMeH CTeneHH, eM MeramOOacTHYecKHH. Uncso mera- 
NOOMACTHYECKUX ZJIEMCHTOB HEMOCPeACTBEHHO Mocye OOyUeHUA CocTaBAeT 57% 
OT KOHTpOa. SOTO pasuHyNe MOXKeT OpITh OOYCJOBCHO U BpeMeHHbIM YIrHe- 
TeHHeM TocmeqHux cas MeraloOmacTHYecKOrOo SPHTpON033a HM BeEPOATHO 
axe B Gobel cremenu, paciajloM waCTH MeraJIOWMTOB HW MpOMeraJiOWMTOR. © 
TlocneqHee moyrBepxyaerca MH MOPOJOrMYeCKH: KapvOu3, KapHOMHKHO3 H 
ipyrue WeresepaTuBHble M3MeHEHMA B MerasOmMTaX. ONHaKO B Mocsexyroune 
JM KOJMYeCTBO MeLaJIONMTOB OTHOCHTeELHO KOHTpOsA Bospactaer. Ha 8—10 
CYTKH OHO HaXOJUTCA B Ipeqetax BapHaluit KonTpowia, aHa1ll]—12 cyTKu mMpe- 
BbILaeT KOHTPOJIbHbIH YPOBeHb, B OTACIbHBIX Clyyanx B 1,5—2 pasa. 

Ecam Upuustb, uTo y OOMYYeHHDIX 3apomplmeli MeratoOmacTHyeckuh SpuT- 
pomoss 3akaHynBaeTCca, Kak M B KONTPOUe, Ha S—6 CyTKH,TO, OVeBUAHO, (pusno- 
JOrMuecKad YObIb KOJMYCCTBA MEFaJIONHTOB He JOJKHa ObITb 0 CBOeH HHTeH- 
CHBHOCTH MCHbUIe, UEM B KOHTPOe, T. €. CCIM B MOMCHT TipeKpallleHHa Meraso- 
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6aCTHYECKOLO SPUTPON0S3A KOJIMYECTBO KJIETOK Y OOJLY YEHHbIX COCTABIASO 57— 
58%, TO TakOe 2Ke COOTHOMIEHHE COXPaHUNOCh Opi MO KOHIa UCCMeLyeMOro CpoKa. 
Bonee Toro, 9Ta pa3sHulla JOJOKHa OblJia Obl elle H YBeMYHTECA 3a CuUeT y Ovi 
OMpeesCHHOFO KOJIMYCCTBA KJIETOK, BCJI€ACTBHE MACCHBHbIX KPOBOH3JIMAHHM H 
MOBbILMCHHOTO paciiaya KJIeTOK. 

Ha6smoqaempie OTHOWEHHA MOryT ObITb OOBACHEHI TOJIbKO TEM, 4TO MET aJIO- 
OulaCTHYeCKHM SPHTPON093 MpoLosmKaer PY HKUMOHHPOBATh SHAYHTEJIbHO JOMbUIE, 
4eM B KOHTPOJe, H ake AKTUBUpyeTCA NO CpaBHeHHIO C ypoBHem 5—6 CyTOK. 

TIpHBeqeHHbIe KOJIMYECTBEHHBIC JaHHbIe MOLTBepxKAaOTCA H MOpdoorHyue- 
cxu. Ha mpenapatax kpopu 10—11-qHeBHbix 9MOpHOHOB B KOHTPOse BCe Mera- 
HOUMTbI CTOHKO OKCHHJIbHBI, 3peibt. Y OOMYYCHHBIX 3apOsbIMIeH TOO Ke BO3- 
pacTa HapsAyy CO 3peJIbIMH MeraJIOWMTaMM BCTpeyaloTca KeTKH TOTO Ke pAa, 
HO C TOM WIM MHOM CTeneHbiO 6a30usIMH WHTONMMA8MbI H CTPOeHHeM Apa, CBOH- 
CTBCHHBIM Oovlee MOJIOAbIM KleTKaM. Hasimune HeSpeJIbIX (OPM MPAMO yKa3bIBaeT 
Ha PYHKUMOHHPOBaHHe MPHMHTHBHOFO SPHTpOr0g3a. 

[pu o61ysenun ant Ha 8 cyTKH HHKyOalMn HaOOfaeTCA pacTyllad aHeMuaA. 
Oco6eHHO BbIpaxKeHHO OHA CTaHOBHTCA, HayHHaA C 11 CyTOK, T. e. B MepHoy 
Hayala KOCTHOMO3FOBOrO KPOBeETBOPeHHA B KOHTPOUe. 

Kpopou3siH#AHia y 39MOpHOHOB, OOsyYeHHbIX Ha 8 cCyTKM HHKyOalluu, MeHee 
MaCCHBHBI, 4eM IIpH O6sy4eHuuM Ha 5 CyTKH, HO OHH Oovlee NUpy3ubI. ITO TakxKe 
B KaKOH-TO Mepe OTPaxKaeTCA Ha KOJIMYCCTBEHHOM COCTaBe TepHepHyecKkou Kpo- 
BH, OJHAKO HaHOOJIbINyIO AHeEMU3aLHIO Mbl OOHAPyXuUBaIM Y TEX SMOPHOHOB, y 
KOTOPbIX Pa3BUBaJIMCb OOWHPHbIe OTEKH MOKPOBHBIX TKaHeH., 

Ha ma3Kax KpOBM OOJIYYCHHbIX IMOPHOHOB MeFaJIOMHTOB 3HAYHTEIbHO OOVJIb- 
me, YM B COOTBETCTBYIONULEM KOHTpoe. Hanpumep, Ha 12 cyTkH HHKYyOalHH B 
KOHTPOJI€ IPHMHTHBHbIX 9PHTPOUMTOB 3,2%, a y OHOFO 43 OOYYCHHEIX 9MO- 
DHOHOB 38,6%. AGcomoTHOe KOMYECTBO KIETOK HOPMOOaCTHYeCKOrO pAa 3Ha- 
YHTEJIbHO OTCTA€T OT KOHTPOJIbHOFO, BTO BPCMA Kak aOCOJIIOTHOe KOJIHYECTBO Me- 
raJIOWHTOB B TEUeHHe BCerO HCCIELYeMOrO CpOKa BILE KOHTPOJIbHOrO, 

Ha puc. 15 npescrapnenbl KOM4eCTBEHHbIC OTHOLCHHA KJIeETOK TO MW Apy- 
roH JIMHHM SPUTPOM0s3a K COOTBETCTBYIOULeMy KOHTpOuio. Y nMosaBsAaloulero 
OOJIbIIMHCTBa IMOPHOHOB YMCJIO MeraJIOWMTOB 3HAYHTeJIbHO TIPeBbIlllaeT KOHT- 
POJIbHBIM ypOBeHb, OTO pasIM4He MOcTeMmeHHO yBeHuMBaeTCa. Ecam Ha 8 CyTKU 
KOJIMYeCTBO MeraJIOWNTOB HAXOMUTCA B MpeelaX MaKCHMAJIbHbIX KONeOaHuE 
KOHTpPOJIA, TO Ha 14—15 cyTKH OHO MIpeBOCXOZUNT KOHTPObHOe B 2,5—2 pasa. B 
mByX ciyyaax YHCIO MeraJiOWMTOB B 4 wu Gomee 4YeM B 7 Pas MPeBOCXOANT KOHT- 
POJIbHOE. 

Ha OCHOBaHHH M3JIOXKCHHbIX BbILe JAHHbIX MOKET CJIOMKUTLCA BMeVATIeHHE, 
uTo Meraic6acTHyecKad peakuua y 2SMOpHOHOB, OOyYeHHEIX Ha 5 CyTKM HHKy- 
OallHH, MeHee BLIParKeHa, Yem pu OOMyyeHuM Ha 8 CyTKH. OHaKO KOMMUeCTBO 
KMeTOK MeraloOacTHYecKOrO SpPuTpoM0s3a B MepudepHyeckoH KpPOBU oMpere- 
JIACTCA WHTCHCHBHOCTbIO MpOWeccoOB CO3HAaHHA HW Pa3pyWIeHHA STMX KJIETOK. 
MeraJouuTp! B KpOBH SMOPHOHOB, OO/YYeHHBIX Ha 5 CyTKH, XapakTepusyiorca 
OOJIBINMMH CTPYKTYPHLIMH H3MCHEHHAMU (parMeHTaltun sep, HepaBHOMepHBIe 
aMHTO3bI, NaTOMOrHYeCKHe MHTOSbI). Pay H3MeHeHHH — TakuXx, KaAK KapMOHS, 
MIMMKHO3,— HeMOCpeCTBEHHO YKa3bIBaloT Ha THOeIb KeTKH. BeposaTHo, 3TO Hu 
OOyCJIOBJINBaeT YMeHbIEHHE YNCIa MeFaJIOMMTOB HelOcpeACTBeHHO Mocwe O6sy- 
yYeHHA, TaK KaK HMCHHO B STOT MepHogd NepeyncmeHHble H3MeHeHHA Han6oee 
BbIp a2KeHBI. 

B JaJIbHeHWem Mpolecchl paspyuieHHA ocaGeBaior, a Meramo6sacTuyeckuii 
SPUTpPoNo0ss NpososmKaeTca. B pesy/bTaTe ComepxaHve MeraJOMHTOB B Mepude- 
PHYeCKON KPOBM BOspacTaeT NO KOHTPOJbHOrO YPOBHA, a 3aTeEM H HECKOJIbKO 
MIPCBOCXOUT eFo. 

B kKjeTKaxX HOPMOGJaCTHYeCKOrO pAa OMMCAHHbIe CTPyKTYPHbIC H3MCHCHHA 
MOUTH He BCTpeyarorca. 

Bo II cep ompirop K MOMeHTy OO/lyyeHHA MeramoOsacTHYeCcKH SpuTpo- 
1093 He OCyIecTBAAeTCH. OH BOSHHKaeT MO3Ke, H MeFaONMTH! B KPOBH, B 
OCHOBHOM, He COfepxKaT TeX M3MeCHEHHU, KOTOpHIe OpliM XapaKTepHEI WIA 
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ombiToB | cepuu. Ilostomy aGcomoTHoe uX YHCNO OKAa3bIBAaeTCA BBIIIe, YeM B 
KOHTpoue. 

To %e KacaeTCA HOpMOGMAaCTHYeCKOrO SPHTPOM093a, TO KMeTKH 3TOFO paqa 
COLep2KaT B OOJIbIOM KOJIMYECTBe BCe Te H3MCHEHUA, KOTOPHIe OblIH XapaKTepHBI 
JIA MeraOUMTOB MpeabiAyineh cepuu. IIpexcraBsaetca BepOATHBIM, YTO pacnay 
STHX KJ€TOK ABJIACTCH AONOHUTEIbHBIM CTHMYJIOM MerasloGmacTHYecKOH peaKk- 
WH. 

Takum oOpasom, ecm Ip oOyueHHH Ha 5 CyTKY MHKYOAUNM MbI MMeIN Je- 
JO C IpowOMKeHHeM MeraNOOacTHYeCKOrO SPHTPONOI3a Ha Oowee JVIHTEJIbHbIL 
CpOK M10 CpaBHEeHUWO C KOHTPOJIeM, TO.B Culy4ae OOy4eHHA Ha 8 CyTKH B yCJIOBUAX 
MpeKpaTHBUIeroca MeFralOOMaCTHYeCKOrO SPHTPOM033a MPOMCXOAUT BO3BPAaT K 
OHTOreHeTHYECKH Oomee PaHHeli PopMe KpOBeTBOpeHHaA. 

‘s padorax JI. A. OpOem u ero COTpyAHUKOB WMpOKO OCBENLeH (pPakT BbIABJIC- 
Aad OMTOTeHeTHYeCKH OOvlee PAHHUX PYHKUM NOX BAMAHMeM NOBpexkKAeHHA HIN 
YPHeETe€HHA BBICIUHX PeryJIATOPHBIX MeXaHH3MOB. []puBeeHHble JaHHbIe HJIVIIO- 
CTPUPYIOT 3TOT PakT Ha MPpHMepe peakTHBaLlMH HM BO3BpaTa K MeramOG6macTuYe- 
CKOMY SPHTpONos3y pH pakuawMOHHOM Nopaxkenuu Oolee COBepieHHOrO HOp- 
MO6acTHYeCKOrO SPHTPOrOy3a. 


MucTHTyT SBOUIOWMOHHOK Gusnonornu um. HM. M. Ceuenosa Tlocrynuno 
Akayemun HayK CCCP 5 I 1960 
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JIoxnnayn AkaweMun Hayk CcccP 
1960. Tom 132, Ns 4 


BHO®H3HKA 


H. 1. AMATPHEBA 


3JIEKTPOHOMHKPOCKONUYECKOE HCCJIEMOBAHWE KJIETOK 
ONYXOJIM BPOYHA — IIMPC B PAHHHX CPOKAX TIOCJIE 
BO3EHMCTBUSA YJIbTPA3BYKOM BOJIbBLIOH HHTEHCHBHOCTH 


(ITpedcmaeaexo akademuxom H. H. IImaaveaysenom 4 I 1960) 


B mpeqpiyutux wauiMx paOoTax u paOoTax COTPyAHHKOB Halle sa0opaTo~ 
puu OblO MWOKa3aHO, YTO KpaTKOBpeMeHHOe elicTBHe YJIbTpasByKa OOJIbIOK 
HHTCHCHBHOCTH Ha OnyxOJb BpoyHa—IIupcy kKpouMkoB NpHBOAMT Kk NocTeneH- 
HOMY paccacbiBaHHo MoceqHel M K pacnaly HM paccaCbIBaHHIO HeO3BYYCHHbIX 
metacra3os (+~*), Ducromormueckoe HCCJIEMOBaHHe B CBETOBOM MHKpockome Oly- 
xomu Bpoyua—TIIupc cpa3y %xe mocule O3BYYHBaHHA MU CIYCTA HECKOJIbKO WHeH 
He OOHAPYKHJIO BUUMBIX H3MeCHCHHH B ONYXOJIeBbIX KeTKaX (*). B pale cry yaes. 
HaGJOLalOCb JIMUIb HEKOTOPOe YKPYMHeEHHE MHTOXOHIPHH B Mwa3sMe KJIeTOK O3- 
BYYeHHOH OnyxouM. [MCTOXHMHYeCKHE METOJbI MO3SBOJIMJIM YCTAHOBUTb Pe3KOe 
yMeHbilenve KoHuecTBa PHK B unTomia3me 9THX KeTOK (°). JIMib clycTa ON- 
PpeMeeHHbI JaTeHTHbIH NepHol, paBHbi 14—21 7HAM, B KeTKAX O3BYYCHHbIX 
ONyXOueH OTMeUaIHCb MOCTEMCHHO YCHJIMBAaIOMMecA LHUCTpOduyeckHe MPOLeccsl, 
IIPHBOJAULHe B KOHEUHOM C¥eTe K NOJIHOMy paciialy wu K Mocmenyrouremy pacca- 
CbIBaHHIO OlyxouH (*). O_HaKO STH TIpOLecchl, NO-BHMMOMY, ABHJIMCb OTP arKe- 
HHeEM BTOPHYHOTO JeHCTBUA YJIbTPpasByKa Ha OMYyXOJIeBY!O TKAaHb. 

Jia MOHHMaHHA MepBHYHOTO Me€XaHH3Ma J\CHCTBHA YJIbTPpa3BYKOBbIX KO- 
JleOaHHl Ha OMyXONeByIO TKAHb MpeCTaBJIAeT HHTeEPeC H3YYHTb B IICKTPOHHOM 
MHKpockorle CyOMHKPOCKOMMYeCKHe H3MCHECHHA B KJI€TKaX OMYXOJIM B PAaHHHX 
cpokax Mocye O3By4NBaHuA. C STON WebIO HM MpOBeMeHO WaHHOe UCCEMOBAaHHe. 

OOpekTOM Halliero uCCIeAOBAaHHA ABUNACb ONyXob Bpoyna—IIupc, pac- 
CaCbIBaHHe KOTOPOM MOcule yJIbTpa3BYKOBOFO BO3AeCHCTBHA ObIJIO paHee yCTAHOB- 
weHo (*, *), QekTPOHOMHKPOCKOMMYeECKOe UCCEOBAHHe STOM OMyxXOuH 6e3 Ka- 
KHX-JIHOO BO3eCHCTBHH Ha Hee ODIO HAMM MIpeABapHTeIbHO MpOBemeHO Hu OTIN- 
caHo (°), 

KpouMkam-camiam MOpOb! WHHWHIIa Becom 2,4—2,8 Kr ua yqoOcTBa 03- 
BYYMBaHHA Nepemelilayin IpaBoe AMYKO MO KOKY BHYTPeHHeH MOBepxHocTH Geq- 
Ppa H OAHOBPeMeHHO MIPHBUBAIM B HEFO OMyxOb BpoyHa—IIupe Bp komnuectBe 
0,8 ma (pasBeqenue B cbusuomorMyeckom pactBope | : 3). Ha 10 gen nocue mpu- 
BUBKH O3BYYHBaJIM PaSBHBULyIOCA ONyXOJb B AMUKe. O3ByUnMBaHHe MpPOBOAMIH 
MpH MOMOWM MOUHOH yJIbTpaakyCTHyecKOH YyCTaHOBKU, CKOHCTPpyHpoBaHHOH 
A. K. Byposnm ("). Ipumenaaucb creyiomue pexkuMpl O3ByUMBaHUA: cTaTHKa, 
yactota 1000—1500 xru, momHocTtp 100—150 sr/em?, sKcno3uuua 1,3 cexk.;. 
OSBYUHBaAH B BOLAHOH BaHHe pH Temmepatype Boge! 27°. KpomuKop HapKo- 
TH3HPOBaJIH BHYTPHBCHHBIM BBeweHHeM 0,8 mu rekceHana. Uepes 45 mun. vu ue- 
pes 24 yaca Mocie OSBYYHBAaHHA KPOMHKOB YMepUIBAAIN BOSLYUHOl 9mMOomHe;t. 
O3By¥eHHy10 OMyXO/b TOTYaC 2%Ke U3BIeKaNIH H *UKCHpOBaM 0 3 ypoBHaM, 
N€PMeCHAMKYNAPHEIM XOAy YJIbTPpa3sByKOBOrO sJIyya (Ha4YHHaA C MOBepXHOCTH). 
Tlocnequee OniJI0 MpeAIPHHATO B WeIAX U3yYeHHA USMeHeHUM, MpoMcxoRAMUXx 
10 BCeH TONE ONyxoM. OXHOBpeMeHHO 3a6UBaJIM KOHTPOJbHBIX KPOJMKOB, H 
ONYXOJIb TaKKEe (PPUKCHPOBAIM MO 3 COOTBETCTBEHHHIM YpOBHAM. Kycoukn ony- 
XOJIM pasMepom B | mm® cbukcupoBasu mo Ilanany (8) B 2% pacrBope 6ydxpepu- 
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Puc. 1. A — uacTb KeTKM HeO3By4eHHO ONyxomeBOli TKAHH (KOHTpOsb): cipaBa — Apo 
(2) c WBOHHOM OON0UKOH (06); B Na3me MHTOXOHpHH (m) uM 9pracTorMa3sMaTHUeCKUM peTHKYJTYM 
(3.p.). 5 — xnerka |-ro ypopua onyxonu Bpoyna—IIupe yepe3 45 Mun. nocme o3By4HBaHHA; 
CyOMUKpOCKONH4eCKHe U3MeHEHHA He OOHAPyKeHbI: m— MHTOXOHAPHH C XOPOUWIO BbIPaKeHHOIt 
BHYTpeHHeH CTPyKTypOH M OCHOBHBIM BellecTBOM (0.6.); 99 — 3pracTonma3ma, 2— Apo 


Puc. 2. 2-i yposenb Toit »*e omyxouM, uTO HM Ha pue. | 5. Buyubl pesKo HaOyXuIMe MHTOXOHAPHA 

(m) c pa3pyuleHHOH BHyTpeHHelt CTpyKTypOH, MecTaMH C JIONHYyBUeH OOoM0UKON, CIMBLIMeECA 

B JlaKyHbI (2K); KP — OcTaTKM KPUcT y OOONOUKH, A— AAPO C AApPbIUIKaMH (20); B NMa3sMe uM Ha 
O6004Ke MUTOXOHAPHit MHOrOUNCIeHHbIe Telbua (sm) 


Puc. 3. Kanerxu l-ro ypoBHa OnyxouM Bpoyua—Ilupe yepe3 24 yaca MOcIe O3By4HBaHHaA. mM — 
MHTOXOHJPHH, 2— JMMOWHbIe rpanyJIbl, <— APO, 06 — jBoltHat paccnonBulasca O6on04uKa, 
0 — SA}\PbILIKU 


SS ee ee ey jn 2 eee erie ee Om’ 


poBaHHO OCMMeBOH KUuCHOTEI (pH 7,3) B revenue 2—3 yac. Tloce MpoMbIBKH B 
pacrpope Tupoye o6e3BoxKuBaIH B CIIMpTaX H 3a/IMBaJIN BCMeCb OyYTH/Ia M MeTHAI- 
MeTaKpHaTa, Pa3sJIMTY!0 NO %KeNaTHHOBIM KalicyJiaM. [lomumMepu3sauyua mMpoBo- 
IuJiacb B TepMOCcTaTe pu Temmepatype 50°. SaTBepyzepuime OOKN 3aTauHBaJU 
MMpaMuou WM pesaJiM Ha MHKpOTOMe CucTembI IOura C NPHMeHEHHeM CTCKJIAHHBIX 
Hoel. Cpesp TouHOl B 200—300A usyyanu B 3eKTPOHHOM MHKpocKone 
YOM-100 np HanpsxKennu B 60 KB. MaTepna 3auBKH M3 Cpe30B He yaAIca. 
@oTorpapupoBanve XapakTepHbIX yuaCTKOB uCCeELyeMOli ONyXONeBOH TKaHH 
NpoBoyuu pu yBeluyenuu B 8000 pas. IIpeqcrapnenupie OTMeYaTKH yBeMye- 
HbI 0 18 000 pas. 

TIpu W3y4eHHH B SJIEKTPOHHOM MUKPOCKONe yJIbTPaTOHKUX Cpe30B ONyxXouH 
Bpoyna — I lupe uepes 45 mun. nocare o3ByuMBaHHA B MepByto Oyepenb OOpamaer 
Ha CeOa BHUMAHHE, B OTJIMYHE OT KOHTPOJIA, HEOHOPOMHOCTh CyOMUKpoOcKoNHYe- 
CKHX KapTHH 3 ypoBHel. 

B 1-m u 3-M ypOBHAX O3BYYeHHOH ONyXOuIM OOHAaPy2XKUBaIOTCA KJETKH, CXOJ- 
HbI€ N10 CBO€My CTPOCHHIO C KJIeTKAMH KOHTPOVIbHbIX ONyxoueH (°). Ha mpegcras- 
JICHHBIX SJIEKTpOHOrpamMax (pune. | 5) mbt BHM, YTO B Ma3me KueTOK 1-ro 
YPOBHA O3BYYeHHOU ONyXOJIM, KaK H B Ma3Me KJI€TOK KOHTPOJIbHOH ONyxouu 
(puc. 1 A), OOHapyxKuBaeTCH XOPOMIO pasBUTHI 9pracTomMasMaTHYeCKHH PeTH- 
KyJYyM (9.p.) B Bue ABOHHBIX MeMOpPaH TOH HIM HHO AuHEI. IIpu NomepewHom 
paspese spracTomma3sMaTHyeCKHh PeTHKYJIYM BbITJIALMT B BYE pa3sJIMUHbIX IO 
mopme HW pa3mepam Ny3spipbKos. Ha crenKax MemMOpaH YeTKO pasMuaIOTCA rpa- 
HyJpr PHK (rpanyar Ilanaga). [locequue B 60ubIIOM KOIMYeCTBe OOHAPyXKH- 
BalOTCA Tak2xKe CBOOOAHO JIeKAallHMU B WHTOMMIAa3Me. 

B wuTonsa3mMe yacTo HaOsIOaeTCH CKOMJICHHe 3HAYHTEJIbHOFO YHCJIa MUTO- 
XOHJpuH (m) Cc XOPOWIO pasBHTOH BHYTPeHHeH CTPyKTYPOH B Bue JBOHHbIX MeMO6- 
pau (puc. 1 5). Popma muToxonyzpul vane oBatbHad. Pasmep HX BapbupyeT OT 
0,3 no 0,8 B AauHy u oT 0,22 no 0,44 u B uIMpHHy. Bo MHOrHX MHTOXOHAPHAX 
O6HAaPy2KHBAaeTCA OCHOBHOE BeleCTBO (0.6.) B BHC MeJIKHX PpaHyJ, pacnoio- 
XKCHHBIX MOK Ay KPHCTaMH. 

Apa B ksleTKaX Kak OSBYYCHHBIX, TaK H HEOSBYYeHHBIX OlyXxoeH, OKpy- 
%KeHbI JBOHHOK OG6om0"KOH (puc. 1, 06). AepHoe BeMLeCTBO MpescTaBeHO MeJI- 
KUM TpaHyJamu, Oomee HIM Me€He€e PAaBHOMEPHO PaCMOJIO*KeHHbIMH MO BCeMy 
ADpy. 

Iloqo6Hoe xe cyOmuKpocKoMMyecKoe CTpOeHHe OOHAPy2KeHO BO 2-M H 3-M 
YPOBHAX KOHTPOJIbHBIX ONyxoueH HB 3-M ypoBHe O3ByYeHHON ONyxou. 

2-ii ypOBeHb O3BYYeHHOH ONyXOJIM pe3KO OTMM4aeTCA MO CBOeMy CTPOeHHIO 
oT npegzpaymux. I[uTonia3ma ONyXxoueBbIX KeTOK aHHOrO ypOBHA TpHoope- 
TaeT CNOHTHO3HbIM BH 3a CUeT CHJIbHO HaOyXIUMX H CTABUIHX Kak Obl MyCTbIMH 
MuTOXxOHApHu (puc. 2, m). TloceqHne NOCTHrator B CBOHX pasmepax JO 1,22p B 
qauny u go 1,0 8 umpuHy, T. e. cCTaHoBaTca MOUTH B 2 pasa OobUe KPyMHbIX 
MHTOXOHJPH B KJleTKaX KOHTPOJIbHbIX OllyxoueH. BHyTpeHHAA CTpyKTypa MuH- 
TOXOHAPHM UCuesaeT, H JIMIUb kKOe-rge y OOOOUKH Opranouya OOHAapyKuBawTcn 
ocTaTKu KpucT (puc. 2, Kp). Y HeKOTOpbIX MHTOXOHAPH OGoOUKa paspHIBaeT- 
ea, Takve MHTOXOHJPHH, CJIMBaadCb pyr C Apyrom, oOpasy1oT KpyMuble JaKy- 
HbI (puc. 2, 2K). 

Spracrona3sMaTHyecKkad CeTh pa3spylulaerca. 

Ilo sceii muToMnma3me O3BYYeCHHBIX OMYyXOJIeBbIX KJIETOK OOHAPyKHBAIOTCA 
IIOTHBIC OCMHODMJIbHBIC TEbILa, OKPYKEHHBIC OMMHOUHOK OOo0UKOK. Mectamu 
I€HTPabHOTO TeNbIa He BULHO, a BUNA JIMUb OKPyKalomlad OOOOUKa B BUE 
Ty3pipbKa. FlogoOunre Ke OOpas0BaHuA pacmovlOwKeHbl Ha OOOMONKAX MUTOXOHT- 
puli (puc. 2, m). IIpupoya ux Ham Hescua. Ilo cBoemy MopdovlorMyuecKomy CTpoe- 
HHO OHH CXOJHBI C BAPyCOMOQOOHIMA TeJIbILaMH, OMHCAHHbIMH B OMy XOJIAX MHO- 
Tuma apTopamu (2-1), OqHako oOHapy2KeHHe UX B OOJIbIIOM KONMYeCTBE BOKPyr 
lereHepHPy!OUlNX MHTOXOHApHH HaBOLMT Ha MbICJIb, YTO OHM ABIAIOTCA MPONyK- 
TOM BBICICHUA 3THX MUTOXOHAPHH, B YACTHOCTH JIMMMONOAOOHbIMH KaliIAMH. 

Apo HM ARpbILIKH OCTAIOTCA B STH CPOKH UCCIeEOBAaHHA 6e3 CyOMHKPOCKONIH- 
yeCKHX H3MeHeHHH (puc. 2). 
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Yepes 24 uaca mocue O3By IHBaHHA PaspylWleHHe MHTOXOHJPHH H 9pracTonla3- 
MaTHUeCKOFO peTHKY yma pacmpoctpauserca H Ha 1-ft ypoBeHb Oy xOuIH (PHC. 3). 
B iHTOMIa3Me K1eTOK 3TOTO YPOBHA BCTpeyalwOTCA MHTOXOHAPHH, Pa3sMep KO- 
TOPbIX elle MpHOmMKaeTCA K HOPMe, OHAKO BHYTPCHHAA CTPyKTypa ucuesaeT 
W OHM BBITIAAAT Kak Opt MycTHIma (puc. 3, m). YBeMYMBaeTCA KOJIMYECTBO JIM- 
NOWHBIX PpanyJ B MWa3mMe KleTOK (puc. 3, 2). AApo oONyxoeBbIxX KeTOK CTaHO- 
BUTCA MHOrOsonacTHbIM. Tlo-BHqMMOMy, Takada CTpyKTypa Apa yume obectie- 
UHBaeT OOMCHHBIC IpOLecchl B KIeTKe C YXYQUIMBLIMMUCA ycOBHAMH. HeKoTo- 
pble H3SMCHEHHA OTMEYAaIOTCA HM CO CTOpOHbI O6oOUKU Apa. BuewHuki COM OT- 
ClavBaeTCa, H MOSTOMY ZBYXKOHTYPHOCTb CTaHOBHTCA OTUeTMHBeH. BuyTpeHHun 
cnoli cTaHOBUTCA Ooee MVIOTHBIM H OCMHO®MIbHbIM (CM. puc. 3). ARpPbIMIKH HW 
AJ\EpHOE BeLLeCTBO OCTaIOTCa Mo-Mpexkuemy 6e3 u3MeHeHHH. 

Oryebuble HaOyXIMMe MHTOXOHAPHH, OH3KO paciOJlaradCbh OKOJIO Apa, Kak 
Obl BABJMBAaIOT OOOMOUKy BHYTPb (cM. puc. 2 x 3). 

Takum 06pa3om, B ONyxouleBol TKaHH y2Ke Yepes 45 MHH. Mocae O3ByYIMBaHHA 
ylaeTcsa OTMETHTh peskue CyYOMHKPOCKOMHYeCKHe H3MEHEHHA B KJIeETKaX, MOPPo- 
JIOFHYCCKHe H3MCHEHHA B KOTOPBIX IIPH HCCIeOBaHHH B CBETOBOM MUKpOCcKoOne 
He OOHapyxKuBaroTcs. M3MeHeHHA STH BbIpamKaioTca B HaOyXaHHH MMTOXOHAPHH, 
B pa3pyIleHHu HX BHYTPeHHeH CTPyKTYPbI, B HAPYIWeHHH CTPOeHHA BPracToHnsa3- 
MaTHYeCKOLO PeTHKYJIYMA. 

Buayase 3TH H3MCHCHUA B O3BYYEHHOH ONYXOJeCBOH TKAHH BOSHHKAIOT y4da- 
CTKaMH, COOTBeTCTBYIOULMMH, MO-BHJMMOMY, CIrYyUeHHIO HJIM Ppa3pe*KeHHWO, BBI- 
3bIBaeMOMY B TKAHH YyJIbTpa3ByKOM. 

Uepes cyTKH 9TH M3MCHEHHA PaCMpOCcTpaHAIOTCA Ha COCeAHHE CON ONYXOH 
HW ABJIAIOTCH, MO-BHXJMMOMY, BTOPHUHbIMH. 

Panuuit cpok uccmegoBanua (45 MHH. Mocme O3BYYMBaHHA) MO3BOJIAeT CUH- 
TaTb, UTO HaGOMaeMbIe CyOMUKPOCKONHYECKHE H3MCHEHHA B O3BYYEHHOH OMY XoO- 
JeBOH TKAHH ABJIAIOTCA Pe3yJIbTaTOM HeMOCpeACTBeEHHOTO JeHCTBHA MOLHOTO 
YJIbTpa3sByKa Ha KJeTKy. 


Yuctutyt MopdouoruH 2HBOTHBIX uM. A. H. Cepepnosa Tlocrynusio 
Axayemuu HayK CCCP 29 XII 1959 
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Hoxuane Akagemun nayx CCCP 
1960. Tom 132, Ne 1 


BHOXHMH A 


A. A. KY3HELWOB u B. H. CTEMAHEHKO 


M3Y4EHHE MPEBPALWEHHA JU®OCHATA OPYKTOSBI, 
BBOAMMOLFO B OPFAHH3M DKMBOTHBIX 


(IT pedemaeseno axademuxom A. H. Onapunsim 7 I 1960) 


IIpH pewieHHH OfHOM M3 BaxKHeMUINX OMOXHMHYeCKHX 3aqay — 3aqauu yn- 
paBeHHaA OOMeHOM BelleCTB MH aKTHBHOTO BO3,eHCTBUA Ha tbyHKWMM OpraHnns3- 
Ma — Hapsyy C MpHMeHeHHeM TaKHX OMOCTHMYJIATOPOB, KaK KOSH3HMbI HM Fop- 
MOHBI, ONPeAeeCHHY!0 POb JOJKHO CbIPpaTbh IPHMeHeHHe MeTAaOOHTOB (MH aHTH- 
MeTaOouIMTOB). Tako meTaOomuT, KaK dpykTo30-1,6-qucocbaT yxKe HaxoquT 
Ip AKTHYCCKO€ Ip HMCHEHHEB KJIMHHKE B KaveCTBe IIPOTHBOWIOKOBOrO CpencTBa(!,”). 
CybOa BBOJMMOrO B OpraHH3aM PpyKTo30-1,6-qudochata (P-1,6-TU®) yo na- 
cTOAUeErO BPCMCHH, MaJIO H3BECTHA, XOTA OHA IIpeACTaBsaeT OOOH MATepec. 
B HeEMHOrHX OMNYyOJIMKOBaHHBIX Ha 9TyY TeMy padoTax, re B KPOBH NOMHMO 
D-1,6-TM® onpezenanocb comepxKanne Apyrux meTaoommTon(*,*), BHAMaHHe 06- 
palasiocb Ha KOHeUHBIM MpOLyKT riHKOMM3a — MOOUHy!O KuculoTy. IIpu stom, 
OUCBHIHO, HCXOJMJIM U3 MpeAMONOKeHHA, YTO TVIHKONM3 ABJIACTCA TaBHbIM 
nytem yTusim3anun P-1,6-1M®. lonyyennpie Takum 06pa30M JaHHble CBUETEIb- 
CTBYIOT, HAOGOPOT, O NOHMKEHHU COMep%XaHHA MOJIOUHOH KUCJIOTHI Noce BBe- 
yenua D-],6-J[M® u ropopaT ckopee 0 MPOTHBOMOIOX%XHOM —O TOM, YTO TIHKO- 
mus ®-1,6-]M® yo koneyHbIX TpOyKTOB, BO BCAKOM CJly4ae, He ABJIAETCA PaB- 
HbIM IlyTem ucmomb30BaHHA D-1,6-M®. Takum oOpa3om, kaKOH NyTb ABAAeTCHA 
rlaBHbIM pH ucnomb30Bpanuu P-1,6-M,— ocraerca HescHbIM. 

Jia pelieHua 9TOrO BoMpoca B HacTOMMeH paOoTe MbI HCCeOBaIH coep- 
KAHHe B KPOBH He TOJIbKO KOHCYHbIX IPOLYKTOB IVIHKOJIH3a, HO, B OTJIM4Me OT 
HTH POBaHHbIX BbILIe AaBTOPOB, H HEKOTOPbIX MpOMeKyTOYHbIX — ocHorpuos. 
llanee HaM Ka3asIocb HeOOXOJMMBIM BbIACHHTb BOSMOXKHOCTH FH{pO/MTHYeCKOrO 
TYTH, JJIA Yero U3y4aIOCh CosepxKanne B KpOBU PpyKToO30-6-dochata (D-6-P) 
4 PPYKTOSbI, a TaKXKe CTABMJIMCh CMEMMAJIbHbIe OMbITbI MO H3YYeHHIO IpeBpa- 
weHuli BO3MOXKHOrO MpoMexKyTOYHOrO NposyKTa rugzpomusa D-1,6-TUd — 
D-6-D. VUccneqoBasacb MOUa XKMBOTHBIX. OMBbITHI in vivO JONOJHAJHCh B HYXK- 
HbIX CJIYYaAX OMbITAaMH C KpoBbt0o in vitro. 

Ilpenaparu. J\aa paoornl NPHMeHAIMCb CTEPHJIbHbIe CTaOuIbHbIE 10% 
VaCTBOPHI HaTpueBol comm D-1,6-TM® (mpenapar natpui-10®), mpurorosnen- 
apie To (°°), Bapnesan comb P-6- npuroroBssaach NyTeM OCTOpOxHOrO PHApo- 
m13a D-1,6-M® no meroyxy Heii6epra c corp. (’) H NepeBoquach B HaTpHeBy10 
IpH NomMomM cysbcaTa HaTpux. PacrBop HaTpueBoli comm P-6-D npuBoguscs 
< pH 7,3—7,5 (2N HCl) u crepuausopanca npolnyckanuem yepes OaKpyJbTpHl. 

TloctaHoBpka ONBTOB HA KUBOTHBEX. OMIT NpOHs- 
300MIMCb Ha Kpomukax. 10% crepuabHbIe pacTBOpHl HaTpHeBOH coun D-1,6- 
TU® ppoquinch BHYTPHBeHHO B YIIHY!0 BeHy B KONMYeCTBax M0 0,5 r/kr. He- 
JOCpeNCTBEHHO Tepe BBeeHHEM MH YePes PasHUHBIe (yKasaHHble B TAOMMILAX) 
{HTePpBaMbI BPCMeHH U3 YUIHOM BeHbI OTOUPaHCh mpodsr 10 1 Ma KpoOBH B 
3 ma 8% pacTBOpa TPHXJIOpyKCyCHOK KHCJIOTHI. V3 6e36e1KoBnix TX Y-en- 
rpudyraTow oTOupamuch NpoOb! AvIq# XHMMYCCKUX AaHaJIM30B U xpomarorp acbu- 
[eCKHX OMIbITOB. 

MpakwuouupoBaHHe H ONT peenenne O-1,6-HH® u 
D-6-D B KpOBH NOCMe BBERCHH A MPOM3BOLMIHCh MO Poo. (°,>)s 
KonnuectBa O-1,6-TH® u O-6-P Bta61.1 OpitM BHINHCIeHbI MyTeM YMHOKeHUA 


2a 


> 


ce 


Ta6aunma 4 


Mi3menenne cofepxKanua O-1,6-LM® u ®©-6-© B KpoBy Noce BBe,eHHA ®-1,6-HU® 
(B MMJVJINrpaMM-MpolexTax) 


b-4,6-U® | -6- 


Bpema B3ATHA pod HOMepa OTIbITOB 


1 area |< Fe ess [ce aye meena is | 4 

Tiepee Bhorcn ner 3,3 1,90 2,37 3,32 oo | 0,0 | 4,01 | 2,87 
Tipe ae 246-48 | 163,06 165,66 127'97 | 54208 | 27°72 | 21797 | 32,79 
wc es 46,93 fy 36.97 46.22 | 15-21 | 13548 | 12,51 | 18/93 
ee SEK 15.64 17,54 19°43 | 23.70 811 | 9.46 | 8.14 | 13,86 
Sees 8113 714 8713 9748 2°37 | 3:72 | 4530 | 8.44 

Pr gohene 5/24 a 5,21 616 135 | = | sou | 439 


BeJIMUMH, Halie@HHbIX BO (pakiu“AX NO meTony (*), Ha KoSppunnenTs: 2,37 u 
1,69 quia mepepeneHua (tbakTHUeCKH ONpeeIAeMOK PPyKTO3bl B IKBUBAJICHTHbIC 
KOJIMYCCTBA HATPHEBHIX Coe H- H MOHOGocHatTa PpyKTOsbl. 

Kak BugHo u3 Ta6r. 1, comepxKaHHe Kak JM-, TaK H MOHOOCHaTa PpyKTO3bl 
6bICTpo MlayaeT HW yxKe yepe3 Yac Nocme BBe_eHHA B KpOBb O-1,6-LM® npuxogutr 
K HOPME, YTO CBUJeTELCTBYET 06 OUeHb ObICTPOH YTHIM3AaLLMH (HIM BbIeeHHH?) 
apupos @pyKTospi. J[aee oOpaujaeT Ha CeOA BHHMAHHE UpeSBHIYaHHO OpicTpoe 
mpeppauleHue ucdocaTa B MOHOWocdHaT, cosepHKanNe KOTOPOrO yxe YepEs 
3 MHH. CocTaBsaeT (pH MepecueTe Ha SKBUBAICHTHI PpyKTO3bI) ~30% oT Co- 
Jep2KaHuAa Wudochata (B TOT Ke MOMEHT). 

OnpT bh xpomMaTorpagmuyecKkoro pasmenenua 
O-1,6-TU®, ®-6-P uv PpykKTO3H KPOBH MpPOH3SBOMMJIHCh CELYIOWIMM 

o6pa3om: rilaBHad uacTb TXY nu3 


TaOauua 2 OesOekoBEIX TX Y-neHTpHdyraTos 

MsmeneHve cojlepxanua ocoTpHos B KPpOBH SKCTParHpOBasach SpHpOM, OCB060K- 
nocae Baelenua ©-4,6-IH® jeuupie oT TX Y pacTsBopp HeHTpawu- 

(B MHaNurpaMM-rpouentax bociopa) 30BaHCcb Jo pH 7,4—7,6 uw xpoma- 


TOrpadupoBaJHCb Ha JICHHHTpascKon 


Homep a upiz08 6ymare c nNposBjeHveM AudeHHIaMu- 


Bpema B38aTHA 


mpoo 1,84 WIRD [pts | 4 HOM 10 paHee pa3paOoTaHHOMy MeTO- 

: pve (2°): 
Tlepex BBeqeHuem 0,0 0,0 1,14 1,14 Uepes 3 MHH. MOCe BBEReHHA 
Hopes sat ees ool ee @-1,6-1i® B kpoBu, Hapsamy c 3THM 
> 0 257 | 15 | 1.8 | 4,70 mia OOHAPyXXHBaJIOCb IIATHO 
aes ean ys ENG -6-®, Ho cBo6oqHaA tpyKTO3a He 


oOHapyxeHa. OrcyTcTBue dpyKTOSbI 

B KPOBH NPHBOAUT K MpeqMoo*KenH10, To ruqpomus D-1,6-TM®, npusozsamnit 
K ©-6-D, Janbuie He HAeT (HJM HUET B HHYTOXKHOM MacuITa6e). 

M3mMenenune coxepkauunx hochotpuos B KpOBH 
mocame Bppegenua O-1,6-7M0. Yxe mpupezennpie Benue aHunle, 
B YacTHOCTH rHqpomHs Oowee */, O-1,6-TM® B nepspie 3 Mun., CBUeTeBCTBYIOT 
O TOM, YTO 10 Kpalineli Mepe Jia rmaBHol maccpt Y-1,6-TM® nepspm stanom ero 
MIpeppallenul ABJIAeTCA THApOMHs Wo Y-6-D. OpHako UCKNOUNT PAMKOMUTH- 
YeCKOE PacHIeJICHHe IIpPeACTaBJAIOCb HEBOSMOXKHBIM, HM MOSTOMY MBI CUMTaIM 
HYKHBIM ONPeACIATh CowepxKanue Pocorpuvos (omperzemamucb mo (!4)), 

Kak BHO 43 Tau. 2, BBeqeHue M-1,6-]M®, kax npaBuno, BbI3bIBaeT cpasy 
Ke Mocle BBCACHHA MOBbIWeHHe CofepxKaHHuA csbochoTpuo3. B Teyeuue aca co- 
Tepxkanue POcHoTPHOS MpHXOANT K UCXOAHOMY, YTO COBMaaeT Cc HCUC3HOBeEHHEM 
43 KpoBaHoro pycia -1,6-NM. HeOoupuioe noppmienue coyepxKanua coc- 
(POTpHO3 B KPOBH TOBOPHT B MOb3y TOrO, YTO TMKOMH3, MO-BHHMOMY, He AB- 
JIACTCA TylaBHbIM IyTemM WpeBpatlenua BBoguMOro M-1,6-]TM. O_uako mpu BEI- 
COKOH Pe€aKIMOHHOM CIOCOOHOCTH toc*OTpHOs NpeAcTaBAOCb NONeSHEIM Mpo- 
BeCTH OlIpeeueHHe COLepKaHNA B KPOBH Topa3syo G6omee cTOHKOTO KOHeUHOrO 
MIpOxyKTa TIMKOJIM3a — MOJIOUHOH KHCJIOTHI. 
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Usmenenne CoxepKanuaA MOMOUHOH KUCAOTH B 
KpPOBH Nocwme BBeZeHHaA O-1,6-TM®. Monounan kucnota onpenena- 
J1acb 10 BapKepy u Camepcony (!*), Pe3ybTaTpr HalliMx onpiToB (Tab. 3) uMe- 


Ta6Oauna 3 


VisMenenve cojepxaHHA MOmOUHOL KHCOTHI B KpOBH MocwJe 
ppegeHua ®-1,6-TM® (B mpowentax K HcxoqHOMy) 


Homepa oOnmbiTOB 
Bpema B3aTux z 


mpo6 


Tlepem BBeqehuem 100 100 400 400 100 100 100 | 100 


Uepes 10 mMuH. 180 — 208 79 145) 227 hay | a) 
a oo) ” 192} 182} 434 34 TD ae om et 
we 60 o 92 46 | 128 50 66 | 227 44 | 17 
vA) D 40 39 | 1386 31) 50) 145 14 | 28 


OT JOBOJIbHO «MecTpbIM» XapakTep. B OombiIMHCTBe OMbITOB (5 43 8) BCKOpe Mocyle 
BBeqeHuaA (Yepes 10 MuH.) HaOIORasIOCb BecbMa HeOOJIbINOe MOBbILMeHHE Cosep- 
2KaHHA MOJIOUHOM KHCJIOTHI; 3aTEM CIENOBaJIO NOHWKEHHE, H BS CIy4aAX H3 9THX 
.D OIbITOB COMePKAaHHE MOJIOUHOM KHCJIOTHI NO MpowecTBuH 2 Yac. Maqaso ake HH- 
2Ke HCXOHOTO. B MeHbIeM GHCJIe ONbITOB (3 43 8) Tocme BBeTeHHA HAaOTIOMaOCb 
MOCTeMeHHOe MOHMKEHHE CONeEPKAHHA MOJIOUHOH KUCIOTHI. HecmMoTps Ha yKa- 
S3aHHY!0 «Ie€CTPOTy» pe3yJIbTATOB MpeCTAaBJAe€TCA BO3SMOXKHBIM CIeaTb [Ba 3a- 
KJOUCHHA: 1) NOBbILIeHMe COMePKAaHHA MOJIOUHOH KUCJIOTHI, HaOOMaBUleeca HE 
BO BC€X CJIyYaAX, OUVCHb HEBEJIMKO H HEMPOMOJMKUTEJIbHO; 2) HeOO/IbIWIOe MOBbI- 
mieHHe CosepxKaHuA CocioTpHO3 MH MOJOUHOM KHCJIOTHI CBUAETEIbCTBYeT O TOM, 
UTO POJIb PNMKOJIMTHYECKOLO TyTH pH ucMomb30BaHHH O-1,6-TM@D nHesenmuKa. 

OnuTH 10 H3SYTCHHIO U2apespamenuh I9Pupos 
mpyKTO3bH B KpoBH invitro. Ja onpiros 3 OObeMa UHTpaTHOH KpOBH, 
umMelouleH Temmepatypy 37°, cmeuimBatucb c 1 OObemom pacTBopos ©-1,6-HiH® 
u ©-6-© xonyentTpauun 5; 2,5 u 1, 25% (HarpeTbix mo 37°). Cmecb HHKYOupoBa- 
wlacb B Teyenue | uaca mpu 37°. B Hagane onpita, yepe3 30 u 60 MuH. HHKyOa- 
HH, OTOMPasHCb MpOOnI JIA aHaIH3a Ha HEOPraHHyecKHH tochaT u pyKTosy. 


Ta\On mae 4 


@ochatasHad HM docioreKcons0mMepa3sHaA aKTHBHOCTb KpPOBM TIpH ee wHKyOaunu 
c O-1,6-HHi® u 0-6-9 (8 y/mn) 


®-1,6-TUb d-6-D 
Onpit Ne 1 Onpir Ne 2 Onpit Ne 3 Onpir Ne 4 
Bpema B3xATHA T1po6 

= K- K- K- 

Pueopr See Pueopr eee Pueopr rose Pueopr oe 

O OMbITa 283 1710 66 2010 23 1860 72 1606 
Ue 30 muH. 293 1710 63 1950 21 1560 74 1238 
pay A OUDMEE 298 1680 66 2010 PA 1230 75 780 


Kak BuqHo 43 Ta67.4, B OMpITax c HHKyOanuel P-1,6-]IM® Bw Teyenne 4aca He 
MIPOHCXOLUT CKOJIbKO-HUOy tb CYULECTBCHHbIX H3MCHEHHH COMepxKaHNA Kak HeOp- 
rauuyeckoro dochopa, Tak u pykTospr. B onpitax c D-6-P pu NpakTHyeckH 
MOCTOAHHOM COsepxKaHHU HEOpraHHyecKoro ocopa HaOMoLaeTcA PeskOe YMCHb- 
wleHne CoyepxKanua cpykKTosni. [locroaHuHoe coxepxanue HeOpranHyeckoro choc- 
copa B OGenX rpyMmax ONbITOB CBUJeETEIbCTBYeT O TOM, TO THAPOMH3 Kak D-1,6- 
MUO, tax u ©-6-®, no Kpatinell Mepe B TeYeHHe 4YaCa, BKPOBH HE MPOMCXOJHT. 
Takum 06pa3om, Becbma ObicTpo Hy in vivo rHzpoH3s @-1 ,6- U1 npoucxo- 
JIMT He B KpOBH, a B ApyruX TKaHAX MH Opranax. 

Tor cbaxT, TO mpu COxXpaHeHHM MpexuHero COLepr%KaHUA HeOplaHUYeCKOrO 
cboccbopa B onpitax c D-6-D npoHcxosuT peskoe yMeHbUIeHHe (PyKTO3bI, CBUe- 
TeMbCTByeT 06 H3OMepHsallMH STOTO Supa B ri0K030-6-ocpat (I-6-P). Jler- 
KOCTb TaKOFO MpeBpalileHHa, OCOOeHHO TOA BJIMAHHEM cbocsorekcon30Mep a3bl, 
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BooOUe XOpoO u3BecTHa. UTOOb! MPHOJMKeHHO OLCHHTb CKOPOCTb HSOMePH- 
3allHH@ B HallHX oMpiTax in vitro, Hy2XHO y¥eCTb, YTO COCTOAHHE PaBHOBeCHA 
®-6-D <~ T-6-@, yocturaetca Torga, korga M3s0MepHsyeTcs 70% -6-®. 
BuIuHCIeHHA MOKa3biBaloT, YTO B HalHX oMpITax in vitro ye yepes yac D-6-D 
mpeppautaetca B T-6- npHOM3HTeIbHO Ha 50—75 % OT BO3MOXHOTO. 

Takum o6pa30m, rmaBHbim MyTem mpespamenuh D-1,6-TH@ sasasetca ero 
rugpomu3s oOo Y-6-® n ero usomepusanua B T-6-®, 

Braaeneuue c MOYOH 2hupoB HpykToO3H Nocwse 
BBenenuua -1,6-TM® (ta6n. 5). Ilapannenbuple xpomaTorpadpuyeckue 


TaOauu a 
Briyesexue c Mouol dochaton dpykTosb mocse BBezenua D-1,6-TH® 
é es Bupezeno O-1,6-7HO 
2K aHue : 

g BpejeHo Bpema B3saTua sdupor apy Koauye be 
fe) -1,6- racy TOSbI y, PpyK- CTBO ®PyKTOsbI, 
5 | Qo, ur : Tosbl Ha 1 Mu *| MOUM, Ma | mr/ppyK- % oT 
e TO3bl Mr BBeJ. 
4 800 Uepes {1 uac 3363 * 14 37,0 87,7 14 

3 4. 30 muH, 83 7 0,6 1,4 0,2 
2 1100 Uepes 30 mun. 3393 aoe 78,0 

3 4. 30 mun. 1143 12 24,0 { 241,8 22,0 
3 1400 Uepes 1 uac 3637 38 138,0 327,6 23,4 


* BpruyceHo c yuecTOM JaHHbIX KOHTPOJIDHbIX OTIBITOB C MOUOH, 


ca6pakHou fo BBene- 
Hua ©-1,6-THU®. ** [Iponsomo0 HenomHoe OnopoxHeHHe Ny3sbips. 


OlbIThI C MOYOH MOKa3asH, YTO Nocme BBeqeHHA D-1,6-® on noaBasetca B 
moue; D-6-@ v cpoOoqHaa PpyKTO3a pH STOM OTCYTCTBYIOT. OTCIOLa MOXKHO OpI- 
JO TIpe€ANONOKUTb, YTO BCA HH NOYTH BCA PpPyKTO3a NpHHagANexuT D-1,6-TMO. 

Mcxoya 43 9TOFO, MbI pacCuHTaJIM, KAKOe KOMMYeCTBO BBORUMOrO O-1] ,6-TUd 
BbIBOJUTCH C MOUOH. OTH WHpbl WaHbI B AByX NocweqHuXx cTom6uax Tabu. 5. 

Kak BHQHO H3 Ta6. 5, B HaUIMX OMbITaX C BBEeCHHEM OOJIbINMX KOJIMYeCTB 
®-1,6-TU®, cosqatomux B KPOBH COBepUICHHO HEHOPMAJIbHBIe KOHIeHTp allHH 
3TOrO MeTaOOJIHTa, 10 Kpaluel mepe B 80 pa3 MpeBbilaioulHe OOBINHBIE (CM. 
Ta6m. 1), B mepBpre 30—60 muH. B CoOpaHHOH Move OKa3pIBaeTCa BCero 1/;,—*/, 
BBECHHOFO KOIMYeCTBAa. B-abHeHUIeM BEImemeHHe D-1 ,6-]]M® c mooi, no-Bu- 
AMMOMy, Mpekpalllaerca BCeqCTBHE HCYe3HOBEHHA STOTO S*upa H3 KPOBAHOTO 
pycwla, YTO OTYACTH BUHO H3 Tab. 5. Takum 06pa30M, B HallIHX OMbITaX yCBaH- 
BaJlOCb IIpHOMH3HTeIbHO 3/,—*/,) BBeMeHHOrO KOsHUeCTBa D-1,6-THO. 

M3 Bcex MpOBeAeHHBIX OMBITOB CNeAyeT, YTO NOLaBAAIOUad YacTb (?/,—*/,,) 
BBogumoro O-1,6-1M® ucnonpsyerca opraHu3moM. [aBHbimM MyTem pH 3TOM 
aABsaeTca rHqpomn3 D-1,6-LUP no ©-6-®, nporexatouHit He B KpOBu,a B Ipyrux 
TKaHAX HW OpraHax uW Tpeppamenue ero B I-6-0, Mcnomb30spanne O-1,6-LU® 
MO TIMKOJIMTHYCCKOMY HyTH MPOWCXOHT JIHINIb B HEOObUIOM MacuiTa6e. Tuqpo- 
Juz @-6-® npu BBeqenuu O-1,6-TH® yo hpyKtosp o6napyxUTS He yyasocb. 


MuctutyT 6yoxumuu um. A. H. Baxa 
Axkajlemun HayK CCCP 
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BOTAHHKA 


M. M. WJIbHH uw H. A. TPYXAJIEBA 


O PACAX TRIFOLIUM LUPINASTER \L. s. 1. 
(ITpedcmaesexo axademuxom B. H, Cykavessim 15 I 1960) 


B 1915, 1917 w 1933 rr. M. M. Mnbun, pa6oraa na 1OxKHom nu Cpequem Ypa- 
je B cocTape reoOoTaHHyecKux 9KCMequUMH c yyacTuem MH. M. Kpamenunun- 
kosa (*”) u 1. B. Hoponoxposcxoro (!°), o6paTu BHUMaHHe Ha 3aKOHOMepHOe 
pacipememeHHe (OPM KPaCHOLBeTHOrO H KPeMOLBETHOFO JIYMMHOBHAHBIX KJIeBe- 
pos, mo Jleqe6ypy oTmeyaempix Kak Trifolium lupinaster L. var a purpurascens 
Ldb. u T. lupinaster L. var. B albiflorum Ldb. (13,14). 

OTu HaOmoyeHua MpuBenu M. M. Wabunak BplBosy, 4TO 3TO HE BapHeTeTHI 
MH MOpMbI, paclipesqeeHHble CMOpaqHyecKH H He3aKOHOMePHO CpeqH OCHOBHOrO 
apeana T. lupinaster L. s. 1., kak Momaramm mMuHorue aBToppi (71,1°,1917,1-3) 
a HCTHHHbIe reorpaduyeckue MH WeHOTHYeCKHe pach HH, No YU. JlapBuny, Bu- 
aur (°,°), CBA3aHHbIe KaxKad C TOMbKO UM CBOMCTBEHHbIMH @uTOWeHOsaMH. On 
OONaaloT PasfebHbIMH apeaslaMH UH CCIM MHOT a MU 3aXOLAT Y3KO TEPpHTOpHanb- 
HO [pyr 3a Apyra, TO HHKOra He OOpasyivT MepeXOQHbIX (OPM (XOTA Ha 3TO yKa- 
spiBaroT C. KopxuucKul (7°) x E. Bo6pos (?~%)). B 6143kux 2%Ke PuTOMeHO3aXx, 
HampuMep, Ha CTelmHOH aOpa3sHOHHOH MuaTdopme Saypasiba (Kak HaOmo,ar 
M. M. Unpuu (8,°)), 06a sTHX BUA MWIOTHO COMKHYVIM CBOH PAI, OOpa3ya pes- 
KHH OnomorMuecKHH Oapbep, MpeNaATCTByIOlWMH UX B3aHMOMpOHHKHOBeHHWO. 

Tlpexye Bcero HYKHO ObIJIO BbINCHHTb CHCTeEMaTHYeCKOe NOJIOKeHHE KaxKOL. 
u3 9THX reorpaduyeckux pac T. lupinaster L. s. |. JIlmHHex (1°) BnepBpie qaer 
ero OMHOM, YKa3bIBand ero paclipocTpaHeHue TObKO MO CuOupH. On ccpiliaeTca 
B IIPHBOJHMbIX CHHOHHMaX Ha I Mesuua (*), KOTOPbIH MpHBOLUNT ero pacnpocTpa- 
HeHHe NO BceH CuOupu Wo Tuxoro okeaHa, HO KOHCTaTHpyer ero mexy Kpac- 
HOApCKOM uw ExucelicKom u oKosI0 Mpkytcka, OTKyla, OU€BHAHO, HM H ObIVIN Cye- 
JaHbt COopEl. ITH Kpacuolperuple PopMbl CuOupH 10 SaOalikasba He OTM UAIOTCA 
Pe3KO OT ypaJIbCKHX, HM NO3TOMy MepBOHAYaIbHO MbI pucBonu T. lupinaster 
L. var. a purpurascens Ldb. na3Banue JIuHHea — T. lupinaster L. s. str. Kpe- 
MOLUBeTHad paca Ypasia ABJIAeTCA OCOOLIM OTJIMYHBIM BHAOM H OJKHA ObITb AB- 
HO BbIZeena u3 T.lupinaster L.s.1. Ykasanne JI. HW. JIutaunosa (*°), yTo nocueg- 
Hada dopma — abOuHoc, HeBepHo. AuIbOMHOCEI BCTpeyaloTca CpeqH CHOHpCKOrO 
apeasia STOTO Bua, HO OHH PeAKH H He CBASAHbI C ONPeNeCHHbIMH PUTOMEHO3Aa- 
Mu, T. e. Oesapeambub. MW. MW. Cuppiruy (7°) yKasprpaer u3 Cpequero [lopommxKba 
‘HOBBIM KPeMOUBeTHBIM BU (6e3 JaTHHCKOrO MarHosa), Ha3BaHHbI uM T. Cis- 

olgense Spryg. (ined.), Tak Kak oT YpaJIbCKOFO Me€CTOHAXOKJCHHA OH OTACICH 
HPOKOM MONOCOH COJOHMEBATHIX JICECCHHIOBbIX KOBBIJIbHbIX CTemeH. B HacTos- 
ee Bpema, mocme u3yueHua repOapHbIX (BECbMa MAJIOUHCJICHHBIX) SKSEMIWIAPOB 
13 YNbAHOBCKOH Hu IleH3eHcKOl O6., BPEMCHHO IPHXOAUTCH ypasbCKHH Kpemo- 
BeTHBIH BU OTHECTH K Buy Cuppiruna. Tloucxu M. M. Unpuna B 1957 r. B Yab- 
HOBCKOM, [len3encKoli u KyiiOpniepcKoli 061., a Take CapaToBcKou wu CTasMH- 
paycKolt, B MecrooOuTanuax, yKa3aHHBIx 1. . Cnppiruxpi, Kak u BOOOUe Ha 
CeM MaplUpyTe NOMCKOB, He OOHAPyXKHJIM STOTO Bua (MPHUHHE ero HCYeSHOBE- 
ug OyleT NOCBALLEHO OTLENbHOe CoobueHHe). [losTomy HaM He yasOcb COOpaTb 
€MeHHOM MATepHad He TOJIbKO B TOMOTHIMHbIX MCCTOHAXOKJCHHAX, HO BOOGIE 
o Bcem IloBomKbe; CIeEOBATeJIbHO MbI He ObIJIM B COCTOAHHM HH BBECTH CFO B 
KYJIBTYPY, HH BbIACHHTb CTO XpOMOCOMHBIM amnapatT. YKa3aHHble Ba Bua Jy- 
HHOBHJHBIX KJICEBEPOB XOPOIO pa3JIHYaIOTCA HE TOJIbKO KOJICPOM ILBETKOB, Xa- 
aKTepOM MeCTOOOHTAHHA, PaseJIbHBIMH apeaamMu, HOH MOpPoOsOrHyecKu. TIpex- 
€ BCeFO OHH Pe3KO BHILeNAIOTCA H TAOHTYaIbHO, CTPOeCHHEM KyCTa. IY lie lupi- 
naster L. s. str. KyCT paCKHAHCTHIM, MOYPaCKHAMCTHIK WIM Pa3sBaJIMCTHIH, B 
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cpequem ocTuraer BpicoTpr 15—35 cm, a y T. ciswolgense. — NpsAmMocTos4yHH, 
Oombiueli uacTbIO BBICOTOH 46—62 cm (u3MepeHHA ObIIM MpoHsBeseHbI Ha 4-W1eT- 
HUX 9K3eMIVIApax B kyabType). Y T. lupinaster L. s. str. OMMCTBeHHOCTb OTMe- 
yaeTCa OObIYHO 0 BCe AIMHe CTeOa, ay T. ciswolgense Spryg. cTeOm B HYK- 
Heli uaCTH TouIbIe, OCOOeHHO Ha YeTBeEpTOM Foxy *H3HH. [Ber ucTbeB y T. lu- 
pinaster L. s. str. B oOmei macce TemHo-3e7eHbI, a y T. ciswolgense Spryg. 
CBeTJIO-3e1CHbIH. Kpaline pesibepHO STH BUI OTJIMYAIOTCA CTPOeCHHEM TMO3eM- 
HbIX ¥acTeli, OT KOTOPbIX 3aBUCHT H CTpoeHue KycTa. OT KopHeBol meliku T. lu- 
pinaster L. s. str. OTXOQAT HeMOcpeACTBEHHO MO MOYBOH CPaBHUTEJbHO NJIMHHbIC 
MHOPOUHCJICHHbIE KOPHEBHIULAa, OOJIbUIad YaCTb KOTOPbIX Ha H3BeECTHOM OTPe3Ke 
BbIXOJ[HT H3 MOUBbI H aeT Ha3eMHbI MO6er. T. ciswolgense Spryg. B OOacTH KOp- 
HeBOM WICHKH TaKKe J.alOT MHOFOUHCJICHHbIe NOUKH, HO OHH Cpa3sy Ke pH HAMAIOT 
TOIOMKeHHE MPAMOCTOAYerO Ha3eMHOrO cTeOJIA, He OOpasya KOpHeBUI. YKa- 
3aHHbIe [Ba BHa JIYMHHOBUHbIX KJICBEPOB OTJIH4YaIOTCA WH WBeTOM CeMSIH: y Mep- 
BOPO CPaBHHTEJIbHO CBETVIbIe C 3eJICHOBATLIM OTTEHKOM, Y BTOPOTO C (PHOJIETOBBIM. 


A ha Irv w WK 
MS Be Bop RR 
rd ok = Sper, 
a df ; “yy 


Puc. 1. Comaruyeckce uncno xpomocom y Trifolium lupinaster 

L. s. str., 13 KOxnoro Ypana (a), y T. ciswolgense Spryg. us 

lOxuoro Ypana (6), y T. Litwinowii Iljin u3 Boponexckon 062. 
(e) u y T. lupinaster L. s. 1. c tora Kpacnospcexoro xpasi (e) 


Mopoutormyeckhe YepThI STHX KICBEPOB, MIPHBEMCHHIe MO eECTECTBEHHO TIpo- 
U3paCTAIOWHM SK3eMIIApPaM, MOATBepKaloTca Ha TepOapHoM MaTepHase. 

T. ciswolgense Spryg. (mo repOapHbim MaTepHaaM HW JIMTepaTyPHbIM HCTOU- 
HHKaM, IIPOCMOTPeHHbIM KPHTHYeCKH), MpOM3pacTatoulMH Ha Cpequem u lOx- 
HOM; paule, Nocme MepeppiBa MoABIneTCH B TloBOJKCKOM BOSBBILICHHOCTH H B 
SaypaspcKoh GanaqHok CuOupu, Jo oKpectTuoctTeli r. OMcKa, a Take B KYJIbTyp- 
HOM COCTOAHHH Ha HalllMX JeJIAHKaX Ha Hay4HO-ONbITHOH cTaHuHH borannye- 
cKkoro HHCTHTyTa. Jia KyJIbTypbI CeMeHa OOOHX BHOB Obl MepBOHaYaJIbHO 
nogyuennt 43 [lepmckok 067. Onn Onin BhicesHb B 1941 r. Ha OMHOH rpaAyKe IA 
IIPpOBepKH UX Ha ANOMUKCHC HW KCCHOFaMHIO, Tak Kak HaOJOAeHHA B TOMeBOH OO- 
CTaHOBKe NOKa3aJIH OTCYTCTBHE MepeXOAHbIX (POpM B PaHOHe HaJIOKCHHIX apea- 
0B. B Tevenve psa JieT HaMH He HaGOalOCb CKPeUlHBaHHA STHX BUAOB. 

BrocieqcTBHH HaMH OblJIM NOTy4YeHbI HOBbIe CcemeHa T. lupinaster s. str. 
u3 Cpeguero u TOxuoro Ypaa, u3 Mabmenckoro 3anopegqunka (B 1951 r.) u 
43 Taslmuckoro paliona (B 1952 r.) u T. ciswolgense Spryg. 13 TamuucKoro paiio- 
Ha (B 19521r.). B ycnoBusax KYJIbTYPbI B TCEYCHHE HECKOJIBKHX JI€T 3€MeTHO OBIJIO 
Oovlee paHnee, Ha 2—3 HA, MPOXox enue ta3 pasBuTUA (GyTOHHSallUA, WBeTeHHe 
H lu0ROHOWeHHe) y- T. lupinaster L. s. str., mo cpaBHeHuto c T. ciswolgense 
Spryg. I]poOpi Ha arlomuKcnc yKa3aHHbIX K€BEpOB IIpuH KysIbType B OrpaqHom 
OblIM OTPHIaTeJIbHbI, a Ha aBTOraMHIO — aM MOJOKATEMbDHBIM pesyubTar. 

I[uTomornmueckoe ucceqoBanne, mpoBenenHoe H. A. Tpyxanesoit, olpaByasio 
MIpeANONOXKEHNe O BUNOBOK CaMOCTOATeMbHOCTH 9THX KTeBepoB. Y T. lupinaster 
L. s. str. 2n = 32 (puc. 1,a), a y T. ciswolgense Spryg. 2 n = 16 (pune. 1 6). 
Takum 00pasom, lepBbl BU ABJIAe€TCA TeTPaMO“OM, Tak KaK OCHOBHOe YHCIIO 
XPOMOCOM y JIYMHHOBHAHBIX KeBepos 8. [luToreneTHuecKoe u3yueHHe MepBOorO 
KuleBepa Opi10 MpoBeseno Ha 119 npenapatax, a Broporo — na 109. Marepuasom 
WIA MCCI€LOBaHHA CJYKMIM KOPeliku pacTenul, UpeqBapuTesbHO Mpopailen- 
HbIX B YalKax [letpH. PuKcaluA MpousBOyMach xpom — dopmos — yKcycuont 
emecbi0 C. I’. Hapammua (10 : 4: 1). Tlepex buxcamneit yacTb Kopemmkos nogBep- 
ralacb OOpa6oTKe OKCHXHHOMHHOM. Jlaee WHTOMOrNYeCKOe HCCTEqOBaHHeE IIpo- 


Boqunocb No M. C, Hapaumuy (*%). Jia okpacku npenapatos mpumensuica rema- 
TOKCHIHH No Tatjenralny. 
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Jto cux Nop wuTomoruyecku IT. Kapneyeuko (1!) n3 rpynnpl syrmHHOBHAHBIX 
KJ€BEPOB ObII H3Y4eH JIMUIb OHH BH — Anono-KopeucKuH T. lupinaster 
L. s. 1. ¢ 2n = 48 (*). Oguaxo E.T. Bo6pos (!~*) ornocur ator amoHo-Kopelickuit 
BH BMECTE C J\aJIbHeEBOCTOUHDIM [IpHMopba K CBOemMy HOBOMy Busy T. pacificum 
Bobr.Hamu wutouioruuecku Opiyl MpOCMOTpeH' JYNMHOBHAHBI KeBep H3 OKpecT- 
HocTeH r.BulaqMBoctoKa u Oblio noyyeHO 2n=32. B caa3u ¢ TaKHM pesy.IbTa- 
TOM MbI 110Ka 3aTpyHACMCH OTHECTH H3YYCHHbIH Hamu Buy K T. pacificum Bobr. 
WJIH K HHOMY BHJly JIYMMHOBHAHBIX KeBeposB. B repOapuu xe MbI pactolaraem 
Bcero 1—2 9k3emIJIapamu pacTenuli us Kopeu u Smonun. 

CemeHa BJIaqHBOCTOKCKOPO 9K3EMINWIApa, MOyyeHHBIe B 1957 r. or B. II. Ko- 
JI@CHHKOBA, Obl MOcesiubI B OTpaquom. [loka MOxHO CKa3aTb, YTO OHM OTIM4Aa- 
1OTCH OTTCHKOM KOJI€pa IBeETKOB H YWIHHEHHBIMU (:ba3aMu pasBHTHS. 

Mp HavadM U3yyeHHe LalbHewIMx reorpaduyeckux pac T. lupinaster L. s. 
str. Y3komucTHaa paca sTOrO KeBepa H3 Cpeque-PyccKOl BOSBBILIeCHHOCTH, 43- 
BecTHad Kak T. lupinaster L. f. angustifolium Litw., kotopyo E. I. Bo6pos 
oTHec K Ssubsp.angustifolium (Litw.) Bobr.,apasaerca oco6nim BHOM. STOT BHI 
Opi HasBaH B YecTb J].M.JIutBunopa —T. Litwinowii Iljin.Ou Taxxe coqepxan 
HaOop xpomocom 2n = 32 (puc. | 6). Cemena qaHHoro Bua OnitH COOpaHbi 
B 1957 r. B Boponexckol 067., B MecTHocTu [Imtomjanb, Ha TeppHTOpHH 3a- 
nmopequHuKa «<[ alMubsa ropa», cpequ Oepesuaka. Kpome Toro, Hamu Nosy yeu rep- 
OapuHi uv ceMeHa H3 JecoTyHApbI CepepHoro Ypama Komu ACCP or VM. C. Xante- 
Mupa — Kak IIypIypOuBeTHEIe, Tak H O€JIOUBETHBIe; IPH IMTOJOrMYeCKOM UCCIe- 
Jopannu 06a NokasaiM xpomocomHbI Ha6op 2n = 32 (puc. le). Stu reorpadu- 
yYeCKHe PaCbl BBEJCHbI B KYJIbTYpy HM TpeOyr1oT emle Tambneliluero u3y4eHHA. 

HccneqoBaHua KpaCHOMUBeTHOrO KeBepa M3 SanlaqHbIx Caan, a Takxke ero 
albOuHoca OOHapy KHIM YHCIO xpomocom 2n = 40 (pune. | 2), T. e. 06a OHH AB- 
JIAIOTCA TeHTalwongqamu. Touupie JaHHbIe HX COOpa CyeqyloulMe: KpaCHOLBeT- 
HbIM KIeBep — Kpacnospckul Kpal; MuuycuncKkul pation, 03. B. Kei3pikyJib- 
CKO€, COCHOBBI JICHTOUHBIN Oop Ha WioHax, 24 VIII 1959 r.; knepep-anb6uHoc — 
Kpacnospckui kpalt, 3anayupie Casnpt, EpMakopcKHii paliou, oKOJIO YcuH- 
cKa, JyroBaa cremb, 31 VII 1959 r. 

OjlHakoO HaM Elle He yaJIOCb BLINCHHTb MOP(OJIOrHtO, OMOJIOFHI0 HW WHTOJIOr10 
PaBHHHHOPO JIYMMHOBUAHOTO CHOMPCKOrO KsIeBepa, K KOTOPOMy H CaeqyeT OTHE- 
cTu onucanue JInHHes. []osTOMy BPCMeCHHO 3a YPaJIbCKHMH JIYNHHOBHHbIM KJIe- 
BepOm OCTaBJIeHO Ha3BaHuHe T. lupinaster L. s. str.— BIVWIOTb 0 BbIACHEHHA IPH- 
pOlbl KeBepoB Ha TeppuHTOpHu KpacHospcK -—- Enncelick. 

Tlockoupxy HW. V. Cuppirau He Jal aTHHCKOFO AMarHO3a JIA Boies AeMOrO 
Bula, MbI JaeM emy KpaTKuH AuarHo3s — Trifolium ciswolgense Spryg. Planta 
ramis erectis flosculis ochroleucis seminibus leviter violaceis. In planicie 
excelsa Wolgense. 


Botanuyeckuit uxncrutyt um. B. JI. Komaposa Tlocrynuio 
. Axafemun HayK CCCP 8 I 1960 
IMTMPOBAHHAA JIATEPATYPA 


1E. FP. Bo6pos, W6nnettn. cOopx. B. JI. Komaposy, Van. AH CCCP, 1939. 
2E.T. Bo6pos, ®xopa CCCP, 11, Msg. AH CCCP, 1945. *E. LT. Bo6pos, Tp. 
Bor. uuct. um. B. JI. Komaposa AH CCCP, cep. 1, B. 6 (1947). 4].G. Gme) in, Flora 
Sibirica, 4, Petropoli, 1769. °® 4. lap Buu, Ilpoucxoxgenve BuyoB NyTeM ecTecTBeHHOrO 
oT6opa, 3, M37. AH CCCP, 1939. 6Yy. JLapsuu, Hs6pannpie nucpma, M., 1950. 
7C.D. Darlington,A.P. Wylie, Chromosome Atlas of Flowering Plants, London, 
1905. ®M.M. Uasun, Bor. xypn., 38, Ne 2 (1953). ® M.M. Wau 4, Bor. xypu., 
Xpouuxa, 12, Ne 10 (1957). 19°C. KopxuucKkuit, Tentamen Florae Rossiae Orien- 
talis, St.-Petersbourg, 1899. %T. Kapneuenxo, Tp. no mpuka. Gor. u cenexu., 14, 
JI., 1925. @W. M.Kpameuuuuuxkos, M. M. Hapus, Teo6oranmuecku ovepK 
ropHoit uactu Crepmuramaxcxoro KxauToua, JI., 1926. C.F. Le debour, Flora Altaica, 
8, Berolini, 1831. 144¢C, F. Ledebour, Flora Rossica, 1, Stuttgartiae, 1942. 
1% C. Linnaei, Species plantarum, 2, Holmiae, 1753. 16 J. V1. JIMTBMHOB, Schedae 
and Herbarium Florae Rossicae, 5, CII6., 1905. 17 I]. Maescxu it, Onopa Cpequel Poc- 
cun, M., 1892. 18M. C. Hapamun, Meroguka wuTomormueckoro MCCeNOBAHHA ANA 
CeseKIMOHHEIX Herel, 2-e u3n., M., 1936. 1 HW.B. Hoponoxp © BC K HH, Matepnaspt 
WI MO3HaHUA pacTuTenbHOcTH FOxHoro IIpexypasps, MW. e193 2 oy Mea pl airing 
Tp. O6mectsa ecrecTBoucnbiraTeseH mpH Ka3aHCKOM YHUB., 4, Bs. 3, Kas3anup, 1936. 
218.4. Iuurep, COopx. cBesenuit o duope Cpeaxeit Poccuu, M., 1885. 
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Jloxxagn AkayemMum Hayk cCccP 
1960. Tom 132, Ni 1 


QKOJIOFHA PACTEHHH 
M. B. KOJIECHAYEHKO 


BJIAAHUE BbIEJIEHHA BEPESbI BOPOAABYUATOHU 
(BETULA VERRUCOSA ‘EHRH.) HA ®OTOCHHTE3 AYBA 
YEPEWIYATOLO (QUERCUS ROBUR L.) 


(IIpedcmaeaeno axademuxom A. JI. Kypcanoeem 7 X 1959) 


Vi3yyeHnt0 B3aHMOOTHOIWeHHH PacTeHH B IIpHpOse NOCBALLeHO MHOrO paOoT 
(cBoaky cM. B (*)). B ocHOBHOM H3y4aeTCa Ono:usHyeCcKaA CTOPOHA B3aMMOBJINA- 
HUM: 3a€TCHeHHEe, HCCYIWIeHHE MOUBbI, NOTPeOIeHHe MHTATeJIbHbIX BeW{eCTB H T. M1. 
OyHaKO HEKOTOpHIe (PaKTbI M3 2KU3HH JleCa HW ONbITa JeCOpasBeqeHHA CBUETEJIb- 
CTBYIOT O HaJIMUHH CYLECTBCHHBIX B3AHMOBJIMAHHM, BbISbIBACMbIX BBIJeJICHHA- 
MH pacTeHHli, HaMpHMep OOMeHSBeCTHBIC (akTHI COIMKeHHA WH HeCOMKeHUA 
KOPHEBbIX CHCTeM y Ppxa Nopoy. M3yyenue sTHX OHOXHMHYECKHX B3AMMOBJINA- 
HHH A PeBeCHbIX PaCTCHHH TOIbKO HayaTO, H B IpaKTHKe OHH M0Ka He YYHTHIBAaIOT- 
CA, XOTH MMCIOT, HECOMHEHHO, OOJIbUIOe 3HAYeCHHE B 2KH3HH JeCa. 

YcTaHOBeHO, UTO BbINeICHHA KOPHeH WH Ha3eMHBIX YacTeH HaOsmOaIoTCA y 
Bcex pacrenuii. Pa6otamu B. II. Tokuna ((*?)u ap.), H. P. Xonoguoro (°) uw ap. 
BbIACHEHO, TO PaCTHTeIbHbIe BbIeIeHHA (M0 TOKHHy — @uTOHUMAbI) OKa- 
3bIBalOT OPPOMHOE BJIHAHHE Ha Pa3BHTHe MHKPOOPraHH3MOB MOUBbI H aTMOCdephI. 
BuoslornyecKad pOvJlb STHX BbIeICHHH B 2XH3HU TPaBAHHCTHIX (PPUTOMeCHO3OB H3y- 
yena C. 1. UepHo6pusenko (*), A. A. Uacopenuon (°) uw Ap. OkcnepHMeHTaJIbHOe 
H3yUeHHe ITOH MpOOeMbI B JICCHBIX COOOMLECTBaX EBA 3ATPOHYTO, YTO OODAC- 
HACTCA METOAHYCCKUMH TPyAHOCTAMH H3YYCHHA MHOFOJICTHUX JPeBeCHBbIX pactTe- 
HHH. OObldHbIe METOAbI JIECOBOACTBa MOryT aTb OTBeET 0O addekTHBHOCTH TOTO 
WJIM MHOFO CMeWICHHA OPO JIMWIb Yepe3 HECKOJIbKO J€CATKOB JET, IPakTHKa Ke 
JeCOpa3sBeeCHHA, BOBEKAalOllad B KYJIbTyPy MHOFO 9K30TOB, HaCTOATEIbHO Tpe- 
OyeT WaTb yxKe Ceuac peKOMeHalHu O HaHOosee Sc:PeKTHBHBIX CMeINeCHHAX 
TpeBeCHBIX MOpog. 

Hamu cyeiaHa MOMbITKa M0-HOBOMY NOJOHTH K H3y4eHHIO OHOXHMHYeECKHX 
BJIMAHHKM JPeBeCHbIX NOpox — lyTem yyeTa H3M€HCHHA HHTEHCHBHOCTH (orTo- 
CHHT€3a IIpH BO3eHCTBHH PaCTHTeJIbHbIMH BbI-eneHHAMH. Mb ucxoquaH 3 
CeLyIOWlHX MpeycTaBeHuH. 

@oOTOCHHTe3 ABJIACTCA OCHOBHBIM OTIPaBJICHHeM PaCTeHHH, ONMpeeAIOULUM 
B KOH€4HOM HTOre MH POcTKOBbIe Mpomeccsi. IIpowecc dboTocuHTe3a — cepmeuTa- 
THBHbIM H YYTKO pearMpyeT Ha H3MeHeHHE YCJIOBMH cpegnl. Pacrenua cBOHMH 
BbIJeICHHAMM BOSCHCTBYIOT Ha Apyrne, NO-BHAMMOMY, MyTeM aKTHBalHH HH 
HHAKTHBauHH UX PEPMCHTATHBHbIX CHCTeM, YCKOPAA WIM 3aMeAIAA pasMUnBIE 
*KH3HEHHBIE IIPOUeccbl, B TOM YMCe H CPOTOCHHTEeS. 

B Hallux OMbITaX B KaveCTBe OObeEKTA BO3ZIEHCTBUA B3SIT ayO yvepem4arthii, 
Kak OCHOBHaA Mopoya NoesalluTHOrO secopasBeyenuA. Ha nero Bo3elicTBO- 
BaJIH BbI.eeHHAMH Oepesbl OOpomaByaTou; Ta Noposa TOxXKe WupoKO MpHMeHAeT- 
CA B JlecOpasBeqeHHH, HHOra B CMelWeHHH C JyOom. 

Jn onbira BecHoro 1959 r. B MMOMIKH BbICaKeHbI OMHOMETKH Ly6a, BLIPOCUINE 
B IMTOMHUKe. ONBbITb! MpOBOAMIMCh B aBrycTe — ceHTHOpe, T. e. ye C ABYX- 
JeTKamn Ay6a. J[yOKu BCe seTO Comep*KaNHCb Ha OTKPLITOM NOMayKe H K ONBITY 
HM@IH OHY PO3eTKy XOPOWIO BbIspeBLINX JIMCTbeB, DoTOcHHTe3s ONpeqeACA 
MO KOJIMYeCTBY yCBOeHHOH COz pagqwomerpuyeckum cnocobom. Jia sToro 6piia 
CMOHTHPOBaHa yCTaHOBKa, aHaJlOrMuHan MpeqoxwenHo B. B. Payuuckum (°), 
C HEKOTOPBIMH JOMOHeHHAMH. B Halle ycTaHOBKe BO BpeMA OMIbITa KPOHbI 
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UYOKOB HaXOAMJIMCb MON CTEKJIAHHBIM KOJIMaKOM, a IVOUIKU TO WHCKOM TPeHOK= 
HuKa (puc. 1). [log koumakom emxocrbio 14,5 m1 cogqaBamacb KOHICHTp alla 
COz B 0,1% u paquoaxtuBuHoctb 3 wCu. Jlammst qHeBHOro cBeTa CO3LaBanH OC- 
BeUCHHOCTb B KpOue AyOKos 3000 woke. Ikcnosuia WIA POTOCHHTe3a Opamacb 
1 yac. Temnepatypa mo KounaKkom NOMWepexuBaNach 24—26°, Bwaaxuyoctb 
MOYBbI B MJIOIWKAaX NOAMepKUBaNaCh NOCTOAHHOH MyTem MOHBa JO MOCTOAHHOTO 
Beca. JlyOku 3a 2 4aca JO ONbITA CTABHJIHCb B 3ATCEMHEHHOE MECTO B madopaTopuu. 
@PorocunTes KaxkLOro AyOKa OMpexenasCA ONMH pas B CyTKH IIPHMe€pHO B OJLHH 
4 Te 2Ke YachI. Kommyectso ycBoeHHOH COz BEIyuCuIAIOCh MO pasHUle B YpOBHe 
paqualuu rasa NO KONAaKOM, Tye Obl yCTaHOBJeH TOPIOBbIH CueTUMK THMAa 
MCT-17, nlogksmoueHHlit K paquomerpy Tuma B-2. 


Ta6auna 14 Taodmunua 2 
Usmenenne oTocuutesa AByXveTHero yy6a Vsmenenne otocuHTesa ByXxJieTHero jy6a 
TOA BOSReHCTBHEM JIeTYYHX BbINeeHHIt NOX BosyeicTBHeM KOpHeBbIX 
JIMCTbeB Oepesbt BbIJeeHHH Oepesbl 
MnTeHCcHBHOCTb oTocunTesa, MHTeHCHBHOCTB cborocuHtesa, 
¥ wr CO./nM2-4ac Baahierc! _ mr CO3/AM?-4ac PasHocth, 
9 
2 6e3 pH % Re 6e3 Hp % 
g | Bosnelicraua | Bosgeltcraun 2 | Bosmelictaua | Bospelicrauny] 
3 | 4,88+0,07 | 5,78+0,15| +18,2 2 | 6,78+0,08 | 5,40+0,32 | —20,0 
4 | 5,18+0,08 | 5,70+0,08 | +41,0 5 | 8,00+0,08 | 6,4340,07 | —21,5 
8 | 4,75-+0,24 | 6,81+0,21 | -+41,7 7 | 7,45+0,20 | 5,48+0,05 | —23,3 
gaia 104 b, 12 (o8,20--0.37-\) 44,0 10 | 7,10+0,55 | 5,520,832 | —22,5 


IIpumevaune. Jyon NM 3 u 4 
NOABepraJIMCh BOSIEHCTBHIO BbIyeeHHH 8- 
JietHeH Oepesni; Ne 8 u 9 — 30-neTHell. 


Ilpumeuanne. Kopuespie Bbijeve- 
HHA BO BCeX cylyy¥aax oT 3-eTHUX GepesoK. 


Buauavie NIpOH3BOHIHCb KOHTPOJIbHbIe H3MepeHHA (POTOCHHTESA, 3aTeM LYOKU 
TIOJBepraJIuCb BOSZeEHCTBHIO BHIJeeHHH Oepesbl, MOCe Vero CHOBA ONpeyesAICA 
tboTocuHTe3, OGulee yHCIO ONpeeeHHit (OTOCHHTe3a y KaxKoro Ay6a KoneGa- 
m0cb oT 6 fo 17. Bauanua paquanun Ha Tae aoe 8 
oTOCcHHTes yOa 3amMeueHO He OblIO. - ’ an re 

% 3MeHeHHe POTOCHHT 

Hoist BogAeterbue aio tk oe Saeed pH OJHOBpeMe€HHOM BO3]/@HCTBHU KOPHEBBIX 
JICHHAMU ny 60K TOMeaJICH Ha CcyTKH B WM JeTyYHX JIMCTOBbIX BbIeJIeHHH Oepesnl 
OCTeEKJICHHYIO KaMepy pa3mMepom 0,0 


x0,5x 0,5 m BMecre c 6ykeTom Gepe- Hntencusnoct potocuntesa, 
SOBbIX BETOK C jHCTbaMH, BykeT cta- | Bee Rees Pasnocts, 
BUJICA B OaHKy C BOJOH uw 3aMeHAJICA =O vad ai % 
yepes3 3—4 AHA. aa JIyuntero HCTeYe- e BosyelicrBua BoseHcTBUH 

HHA Ta3000pa3HbIX BbINeICHHH JIMCTbA 

Oepesbl culerka NoBpexgamucb. B ka- 3 | 4,88-+0,07 | 3,60-40,43 | —26,5 
Mepe HME@JIHCb OTBEPCTHA MIA BEHTHIA- — g | 4’7540/24| 5,82+0,10] +22,0 


UHH (BHH3y HW BBepxy). 
Jlnma mowyyeHua KOPHEBEIX BbIJeCHHM BbIKalbIBalacb Ha MHTOMHHKe 3- 


JeTHAA Oepesa H CTAaBMIaCb OOHAXKCHHbIMM KOPHAMH B OaHKy eMKOCTbIO 0,5 4, 
HaJIHTy!0 BOJOH 10 NOMOBHHbI. Bepe3kKH MeHAJIHCb yepes 2—3 MHA. 3a 2 yaca- 
oO ompita 2y6ku NomMBarHcb 100 Ma BOsbI, BSATOH H3 STO 6aHKH; lpeqnouiara- 
JIOCb, YTO B Hel COepxKaTCA HU KOPHEBHIC BbIeeHHA Oepesbl. . 

Pe3yibTaTbI OMbITOB MO BOSLelCTBHIO Ha AYO MeTyUUX BbIeeHHH Oepesnl, 
IIpHBeeHHBIe B TaGv. 1,. MOKa3bIBaIOT CyIecTBeHHOe yBeJIMYeHHe POTOCHHTESAa 
Ay6a Mp BO3qeHCTBHU JIETYYHMH JIMCTOBbIMH BbIJeIeHHAMH GepesbI, IpHyem 
BOSCHCTBHE B3POCIbIX Gepe3s OKA3AaIOCb Oosee CHJIbHBIM, FEM MOJIONBIX. 

PesyJIbTaTbI OMbITOB MO BO3AeCHCTBHIO KOPHEBHIMH BbIJeJICHHAMH, MPHBEeCH- 
HbI€ B TaGvI. 2, CBHeTeIbCTBYIOT O BECbMa CYLLECTBEHHOM CHH2KCHHH OTOCHH- 
Te3a WyOa Mog Bo3sqelicTBHeM KOPHEBBIX BbIeeHH Oepesbl. 
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IIpeyctapaset OOIbIIOH HHTepeC BbIABJICHHAaA JIBOHCTBEHHOCTb BO BJIMAHHH 
Gepesbl Ha Ay6: JHCTOBHIC BbIeeHHA MOBbIIMAIOT (POTOCHHTe3, a KOPHEBbIe I0- 
JaBsIAIOT ero. 

IIpuBeyeHHble HaOI0,eHuA 103- 
BOJIAIOT C@aTb 3aKJIIOUCHHE O Ka- 
YeCTBEHHOM CTOPOHE BJIHAHHA Oepe- 
3bI; KOJIMYeCTBEHHAaA CTOpOHa, M0- 
BUUMOMY, OyeT 3aBHCeTb OT O3bI 
BOSJeHCTBUA WH BO3pacTa pacTeHHH. 

PesyJIbTaTbl CYMMApHOTO BO3- 
JICHCTBUA BbIAeNeHHH KOpHeH Hu 
JIMCTbEB, MOJITYYeHHEIE MO TOM Ke 
mMeToguKe (cM. Tau. 3), MpOTHBO- 
PeUMBHI H He JlalOT OCHOBAHHA MIA 
ONpeseeHHOTO 3aKJIIOUeHHA 06 a= 
(peKTe CYMMAPHOPO BJIMAHHA BbIe- 
JeHuuH Oepe3pl. STO OObACHHETCA, 
I10-BHJ,MMOMY, TEM, UTO HCIIbITHI- 
Baemble JYOKH MOABepraJlHCb BO3- 
WeHCTBHIO JIETYUHX BLIJeIeHHH 
pa3HbIX TIO BO3pacTy Oepes: yO 
Ne 3—8-neTHel, a ty6 Ne 8—380- 
JI€ETHEH; KOPHEBbIe %Ke BbIJeICHHA 
B OGOHX Ciy¥yaaXxX Opamucb OT 3- 
JIeTHHX Oepe3s. HecmoTpaA Ha He- 
KOTOPy!1O IIPOTHBOPe4YHBOCTb Ha- 
O6IOJeHHH, BCe %Ke MOMKHO Moa- 
raTb, YTO BJIMAHHE KOPHEBBIX BBI- 
JeJIeHHH CHJIbHee, 4eM JIETYUHX 
JIMCTOBBIX. STO NOATBep*KWaeTca 
Ha mpumepe pzy6a Ne 3, KoTOpHIi 
MoyBepraJica BO3AeHCTBHIO OepesoK 
6H3KOrO BO3pacta, a TakKe pes- 
KHM (BABOe) CHHXKeHHeM 9pdekTa 
BO3@HCTBHA JIHCTOBbIX BbI.eIeHHH 
30-leTHeH OepesbI NOX BHAHHEM 
KOPHEBBIX BbIJeeHHH 3-seTHeEH 
Puc. 1. Ycranopxa no onpegzenenmo porocuntesa; Oepesbt y Aya Ne 8. 

JaMMbl pasqBUHyTHI Moxuo oviaraTb, 4TO Mmper- 

waraeMbld HAMM Me€TOX NO3BOJHT 

CPaBHHTeIbHO ObicTpo’ WaTb’ peKoMeHAalluH HanNGosee Wemecoo6pasHbIx cMe- 
I€HHH PeBeCHbIX TOPO Mp pasHOM|, UNCIe KOMMOHEHTOB. 


BoponexcKHH ceJIbCKOXO3alicTBeEHHbIY | HHCTHTYT Tloctynuu1o0 
6 X 1959 


UMTMPOBAHHAS JIMNTEPATYPA 


1B. H. Cy kaues, Botan. xypu., 38, Ne 1 (1953). 25. Tl. Toxun, Ty6ureau 
mMukpoOos (buTonyupb, M., 1954. 3H. T. Xonmoguuk, Bonn. MOU, 13, Bs. 1 (1948). 
*C. UW. UepuoOpuBseuxo, Buosormueckan ponb pacTuTembHbIX BBIeeHHi H MexKBH- 
MOBbI€ B34MMOOTHOIMeHHA B CMelIaHHbIX mocepax, M., 1956. °® A. A. UacoBpeunag, 


Coopx. @urounugy, 1957. § B.B. PauuucKku it, Ousnonorusa pactenuii, 2, B. 2 (1955). 


WS) 
ie) 
bo 


Hoxnays Axayemun nalyx CCCP 
1960. Tom 132, N 1 


@H3HOJIOTHA PACTEHHH 
B. HW. CJIOBHKOBCKHH 


SHAYEHME MHHEPAJIM3ALNHH UW BbILEJASMBAHUA 
OPrAHHYECKOLO OMAWA APEBECHbIX HW KYCTAPHHKOBbIX 
MNOPOA JIA NMATAHHA PACTEHWH 


(Ipedcmaeneno akademukom B. H. Cyxauesoim 22 VIII 1959) 


B HacTosuel padore MbI IIpHBOXMM JaHHble O BbIILeaYHBaHHH 30JIbHBIX Be- 
IeCTB H3 JIMCTb€EB J[peBeCHbIX H KYCTAPHMKOBbIX pacTenuit (',”), 

M3 nouwyuenHblxX HaMH JaHHbIX BUJHO, YTO BIMBIBAHHe (POCOpHOH KHCJIOTHI 43 
XBOH H JIMCTbeB IIPOMCXOJHT B CAMO HaYaJIbHOW CTaMu UX pasomKeHua. Y Ooub- 
WMHCTBa NOpog yepeyatoro AyOa (pannel uw No3sqHel dopmpl), pada, 3eneHoro 
AC€HA, OCTPOMHCTOFO H CepeOpucToro KeHa, OepesbI, rpelKoroO opexa, OObIKHO- 
BeHHOrO ACeHA, OyKa, OepecTa, OCOKOPA, YePHOM ObxXU, THeLHYHH, OObIKHO- 
BeCHHOM COCHbI H CHOMPCKOM JIMCTBEHHHUbI, %KCJITOM akalluv, CKYMMMH, JICUIMHBI, 
OopoyaByaToro Hu eBpomelicKoro OepecKeTa 3a 4 MecaIla OCeHHe-3HMHHMH 
BeCCHHHMH OC4KaMU BBIILeayHBaeTCA 43 JIHCTbeB OT 20 Zo 50% POs. 

C yBeIM¥eHHeM BpeMeHH MHHEepausaunH Cc 4 Wo 10,5 mec. BbIMDIBaHHe (poc- 
(bopa 3 JIMCTbeB TakxKe yBeIM 4H BaeTCA (B CpeqHeM B 1,5—2,5 pasa). CreneHb pa3- 
JIOXKeHHA OPraHHyecKOro Olaa He OKA3bIBaeT CYUIECTBEHHOFO BJIHAHHA Ha CKO- 
PpOCTb BbIMbIBaHHA ocpopHou KuCcOTHI. [lostoMy Mbl HMeeM OCHOBaHHe yTBep- 
*%KaTb, YTO PocHop, 3akssOUaOUlMHCA B ONae, HAXOQMTCA Kak B (hOpMe JerKo- 
PaCTBOPHMBIX COsIeH, KOTOPBIe MPH TNepBbIX JOKAAX ObICTPO BbIMbIBAIOTCA U3 
opraHuyeckoro onafa, Tak WH’ B (OpMe MPOUHbIX OpraHHyecKHX COeqMHEHHH. 
B seTHH NepHog, HECMOTPA Ha OoIbLWOe KOMMYECTBO OCaTKOB (233 MM) NO cpaB- 
-HEHHIO C OCe€HHe-3HMHUM Tepvosom (113 mm) doctbopHo KHCJIOTHI BbIMbIBaeTCA 
OTHOCHTE/IbHO MeHbIe, I]OBBILIeHHaA HHTCHCHBHOCTD BbIleaynBaHuA cocpop- 
‘HOW KMCJIOTHI IPH HA3KHX TeMMepaTypax, BO3MOKHO, OODACHAETCA TEM, YTO TIPO- 
‘MBIBHBIC BOJbI BECHOIO H OCEHbIO COMEP2XKAT MAKCHMYM PaCTBOPCHHOM yrueKUCJIO- 
‘TbI, KOTOpas Cioco6cTByerT IpeoOp a30BaHHtO TpYAHOP acTBOPHMBIX Cosel tbocdopa 
'B COuIM jerKopacTBopHMule. B Telbii MepHO, BpeMeHH yIvIeKHCIOTa OCBOOOxK- 
(WlaeTCa U3 pacTBOpa H BbIUeavHBaHve POCPOPHON KHCJIOTHI 3aMeAIAeTCH, XOTA 
HHTCHCHBHOCTb pa3JIOXKeHHA OpraHHyeCcKorO OMafa BeHKA. 

Uto KacaeTca a30Ta, TO eFO BbIlleauHBaHHe U3 OpraHHyecKOro ollaya, OCo- 
6eHHO B Hadaule OMbITa, MpoTeKaeT, Menee HHTCHCHBHO (B 10—20 pas), yem BpIUe- 
aunpanne cdbocpopxolt KucmoTH. Hanpumep, 3a OCeHHe-3HMHHH WM BeCeHHH Te- 
puogpr (4 mec.) 43 Onaga OobUIMHCTBa NOpOs aTMOCHepHbIMH BOJaMH BbIMbIBaeT- 
CA a30Ta BCEPO JIMUb OT CueqoB Zo 4%. Olay OCTaJIbHbIX MOpOA: CKyMUMH, wep- 
HOH Oy3HHBI, eBpomeiicKoro u SopogaByaToro OepeckleTa, %KeITOH akalluH — 
3a XOJIOMHbIH MepHoy Bpemenn TepseT az0Ta 4,5—12,6%. STO CBuseTeM_CTBYeT 
© TOM, UTO a30T OPpraHHYeCKHX BeMLECTB MPOYHO CBASAH H BXOJHT B COCTaB Oes-_ 
KOBbIX COCHHEHHM, KOTOpble NOUTH He PaCTBOPAIOTCH ATMOC(PEPHBIMH OCalKaMH. 

B waliiux OMpITaX B MHHePaJIM3yIOWIMXCA JMCTbAX HAaOMOMAaeTCA SHAYHTEJIb- 
‘Hasd IpH6aBKa BasloBoro a3s0Ta. Hampunmep, B olaye kpacuoro my6a, OyKa, 3e7e- 
‘HOFO ACEHA, OCTPOMMCTOFO H MONeBOrO KeHa, OCHHbI, OepeKu, rpada u raequunH 
(B au3umeTpuyecKom ompite 3a 10,5 mec.) yBeIM4MBaeTCA COMepKaHHe BaOBOTO 
a3oTa Ha 12—40%. Oro yBemHueHHe a30TA B OCTATKAX OT Pa3JIOKEHUA OPraHnH- 
yecKoro onaya 6piio MoKa3aHo ene C. KpaBkospim (*). OHO MpOHCXOLHT 3a CyueT 
aTMocibepHOoro a30Ta B pe3y/bTaTe JeATeMbHOCTH PUKCHPY!OMLMX a30T MHKPOOp- 
TaHH3MOB. 
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Ham uccieloBaHHua NOKa3saJiH, YTO PHKCALMA a30Ta NPOABJIACTCA HE TOJIBKO 
B YBJIaXKHEHHOM OMaye JIMCTbeB, HO LaxKe HM B BOSAYIIHO CYXHX TIpH Oomee NIH- 
T@JIbHOM BpeMeHH XpaHeHHsA. Hallpumep, B JIMCTbAX OyKa mMocue 2-ToqHMHOLS 
XPaHeHHA B HEOTAMJIMBaeMOM TOMeCULCHHH BaJIOBOH a30T YBeIMUHJICA Ha 23. %9 
TO ObIvIO HaMH ycTaHoBveHo B 1951 r. Ha onage, coOpanxom B 1949 r. PuKcaTopbl 
a30Ta IIPOABJIAIOT CBOIO JeATCIbHOCT Ha JIMCTbAX He BCeX NOpog. B AuCTbAx 
OOIKHOBeHHOTO ACeHA, Oepecta, MMbI, CepeOpucToro KeHa, OeNOH u XKeNTOH 
akalMu, YepHOH Oy3HHEI, eBpomelickoro Hu OoposaByaToro OepeckieTa u Tp. 
HaOJOaeTCA YMCHbIIeHHe KOJHYeCTBa BalOBOro a30Ta. UTO KacaeTCA JIMCTbEB 
yepenruaToro Aya, TO B OMHHX OMBITAX (JIMSHMeTpHYeCKHX) HaOMOMaeTCA HESHAYH- 
TEIbHOe YBEIMYeHHE a30TAa, a B Apyrux (sMadopaTOpHBIx) — yOblJIb ero. STO oc- 
TaeTCA HEMOHATHBIM H TpeOyeT JLONOMHUTCIbHBIX HCCJIEMOBaHHH, B MepBy!O O4e- 
pelb MHKpOOMOJIOrHyeCKHX. 

Tlorepu a30Ta omaOM B HalIHX ONbITaX CleqyeT OTHECTH 3a CUeT aMMHaKa, 
BbIJeIMBIUEFOCA IPH PasvIO%RKeHHM JIMCTbeEB B TIpOwecce aMMOHHHKALMH. ITO 
MOATBepKMaeTcA KaK HaIHMM arpOXMMHYECKUMH, Tak H MHKPOOMOMOrMYeCKHMH 
uccyeqoBanuamu A. I]. Busupa. Hanpunmep, | xr cmecu mecuaHo MoyBpI C OMa- 
JOM *KeTOH akaunu (100 r noupp + 5r anctbes) 3a 40 AHEM OOpasyeT aMMMaka 
630 mr, c onagqom YepHoH Oy3uHb 450 mr, c Onagqom rpada 83 Mr Oe3 MIpHMeCcH 
omaya (KOHTpOwb) 62 mr. Kak BHAHO, OCOOeHHO CTHMYJIMpyeT PasBUTHE B MOUBE 
aMMOHMULMMpyloulNX OakTepHH, H B 4YaCTHOCTH OOpa30BaHHe aMMHaKa, oMay 
yepHOK Oy3HHbI HW #KeNTOH akalHn. OTH MOPObI BbINEIeHbI HAMM B OTeJIbHY!O 
rpynny (') Kak CHJIbHBIe NosmelaynBaTeln. 

BpileIMBUIMHCA OT pa3JIOKeHHA OPpraHHyeckOro OMaya AMMHaK MOXKET OKa- 
3aTb (PH3HKO-XHMMHMYeCKOe BJIHAHME Ha JIeCHy1O NOouBy. C OHO CTOPOHBI, OH 
OyleT BHAT Ha PeaKIM1O MOUBbI (B HaMpaBJIeHHH ee OOJIbWIErO HH MeHbIlero 
NOAMeavHBaHHA — B 3aBHCHMOCTH OT NOpOsbl H MUHePabHOrO COCTaBa MOU- 
BbI), a C Apyrou, OH OOpasyeT C yFOJIbHOH uM APyrHMH KHCOTAMH AMMOHHHHbIe 
COJIM, KOTOpbie OY€Hb JMHAMHUYHbI HW JIErKO YCBaMBaloTCaA pacTeHHamu. B3aumo- 
AelcTBHe AMMH aKa C YPOJIbHOM KHCJIOTOH MpHBeseT MouBy K OOOrallleHHto ee yruie- 
PpOOM H a30TOM. 

Takum oOpa30m, y4HTHIBad CeuMuyeCKHe OCOOeHHOCTH PasJIHYHbIX MOpOr 
m0 XapakTepy BbIleayHBaHHA CcomeH u3 Olaya, PocOpHOH KUCJOTHI H a30Ta, 
MbI IIPHXOJMM K BbIBOLY, YTO MyTeM CMELICHHA MOPO BO3MOMKHO CO3LaTb TAaKyIO 
NOLCTHIKY, KOTOPad MOBbICHT NWOLMOpOwHe NOuB NOM WeconacaxKeHHAMH. 

BesMUuMHbI BBILeaYHBaHHA CbIPOH 30JIbI H3 MUHepatM3ylouleroca onaya 
TakxKe BapbupynwT. [lo nalliuM aHHbIM, 3a 4 MeC. B XOJOQHbIN NepHoy ropa BpILLe- 
JIAWHBaHHe ChIPOH 30JIbI M3 JIMCTbEB H XBOM B OOULEM BABOe OOJIbINe,4eM BBILILeJIa- 
yuBanue a30Ta. JIucTbaA OObIKHOBEHHOLO H 3eeHOro ACeHA, GepecTa,OCTpOHCTO- 
ro KJieHa, PpelKoro Opexa, YEPHOH OJIbXH, OeNOM UH *KeNTOH akalluu, eBpomelicKoro 
H OopofapyaToro OepeckleTa, YepHOH Oy3HHbI H CKYMNMM 3a STOT NepHor 
TepstoT oT 10 10 26% cripodt 301bI (OMpeeseHO B BOAHBIX BbITAKKaX). Onan mpy- 
THX MOpO — OObIKHOBCHHOM COCHBI, CHOHPCKOH JIMCTBEHHUUBI, YepellmaToro 
Aya (panHsaa HW M034HAK CopMbI), Kpacuoro Ay6a, OyKa, rpa6a, MMB, MOmeBoro 
MH CepeOpucToro Kena, Oepesbl, OCHHbI, OCOKOPA, aMYpCKOTO G6apxaTa, GepeKu 
HM JICWWHHbI — Tepser 30sb1 1—9%. Havmenblllee BbIMbIBAHHe 30JIbI H3 OMala 
(1—2%) B 3uMHu TNepHog HaOmOLaeTCA B MMCTbAX Wy6a M XBOe COCHEI. 

Ha6s0eHuaA 3a MpOmeccoM BbILMLeauMBaHHA CbIPOM 30/IbI M3 JHCTbEB MBI 
npoBewiv B M3HMeTpax H. H. Crenanoga * wa npotaxennu 10,5 mec. Onan Ha- 
XOJHJICA BO BPEMA OMbITa B YCJIOBHAX, COOTBETCTBYIONMX ECTECTBEHHBIM. Cripan 
30J1a OMpeAeATAaCh B CBEXKUX JMCTHAX Nepel 3akMaqKOH ONbITa MB MHHepasu- 
SOBaHHbIX Nlocwle OMbITa, CxKMraHvem Mpu 600° B MydembHol meu. Pesyabtat 
OnbITa IpuBezen B TAO. 1, YOptIb, T. €. BbINLeEAYHBaHHe, 30/IbI OOHAPyXKUBAET- 
CH B JIMCTbAX Oepecta, aMypCKOro OapxaTa, eBpomelickoro GepeckeTa Hu YepHO!i 
Oy3unbl. B onage ocTabHbIX 26 NOpO KOJHYECTBO 30JIbI BOSPOCuIO. 


* TInoujayb ausuMetpa 0,1 m®. Sarpy3Kka mu3umetTpa cocraBasnna 100 r a6comoTHO cyxon 
MaCCbI JIMCTbeB. 
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| Ta6auna 1 
BpbiMbIBaHHe CbIpOl sob H3 JMcTbeB 3a 10,5 Mec. B aM3uMeTpax H. H. Crenayosa 


Comepx. 30bI Br 


x CofepxX. 30Jbl BT 2 
Ha 100 r a6c. a na 100 r aoc. cs 
7 d t¢ 
| cyx. MaccbI : cyx. Maccbl S 
s Ss 
| Pactrenue 5 x Pacteune re be 
xR B JIUCTbX a Eas B JIMCTBAX a 
| ore mocyle 5 oe Tocule 3 
E = ; 
oO BHINLeTad, A One Bblljeway. a 
a5 a as 4 
| 
CocHa OObIKHOBeHHaAc 2,8 5,8 +123, 1. OcuHa 10,0 17,8 +78,0 
_JIlucTBeHHULa 10,9 42,5 + 14,7 Ocokopb fdas 17,4 +51,3 
dly6 uepemmuarprii (pax. ” o Opex rpeukuii 8,8 13,1 +48,9 
dopMa) 138) 120 + 58,2 BapxaT amypckuii hile Si 16,8 — 6,2 
Ayo yvepewuarsriii Bepeka 40,0 16,8 +68,0 
_ (do3qH. dopma) ae) 18,4 + 78,7 Oubxa vepHaa 8,5 14,2 +67,0 
Ay6 Kpacupiit 6,2 lider + 88,7 Vsa Oenaa 9,9 13,2 +33,3 
Byx 10,4 14,9 + 43,3 Axalua 6enaa 11,8 13,4 +13,6 
Tpa6o 9,1 45,3 + 68,4 Taenuuua 13,0 14,4 + 8,5 
Acenb O6bIKHOBeHHDIIi 10,5 Hue W sy + 5,7 AKauuaA *KesTaa 4O\. 12,0 +12,1 
‘SiceHb 3eseHbili 950 14,8 + 55.8 Bepecksier Oopoyas- | 
Jiluna 8,9 14,0 + 57,3 yaThiit 10,6 By,33 +25,5 
Bepect 20,2 ZVipeal — 15,3 Bepeck eT eppomreii- 
cKHit Ae) 11,8 — 5,6 
Kuen ocrposucrtpiii 12,5 1959 + 59,2 By3uua vepHasnt 14,5 14,1 — 2,8 
JleujuHa 12) | Phi 3} +61,8 
Kaen nosespot 13,0 20,8 + 60,0 Ckymnus 8,6 7 +94,2 
Kaeu cepeOpuctpilt 12.7. 21,0 + 65,3 
Bepesa 7,2 12,6 + 75,0 \ 


Jia MpOBepKH MOJIYYCHHbIX Pe3yJIbTATOB MbI MOCTAaBHJIM JONOJIHUTEIbHBIA 
a6opaTOpHbI ONbIT, B KOTOPbIM OblI B3AT Oa YeTHIPeX APeBeCHbIX (JIMCTHIi 
yepelmuaToro wu KpacHoro fy6a, Oyka uw rpa6a) u ABYX KyCTaPHHKOBbIX (eBporeli- 
cKoro OepecksieTa H YepHOH Oy3HHbI) MOpox, KaK HaHOosee XapaKTePHbIX. 

- Bosyyurtno-cyxue wacTba (20 r) Opi NOMeuLeHBI B BOPOHKH Broxuepa. J]Bax- 
Jbl B JCHb IPH NOMOLLM TyJIbBepHsaTo- 


[pa JHCTbA YBIAKHAIHCh JHCTHIIMpO- Ta6auna 2 
bt dh BOAOH (lo 50 Ml Ha BOpOHKy). JuHaMuka BbILe1ayHBanHA CbIPOH 3OJIbI B 
Bpiim MpHHATEI Mepbl AIA Tpeympex- Weawagatey Gur 
JICHHA NoNakaHvA Mb U3 BO3LyXa. 
Mccneqopanne mpofomxKasnoc’ 40 2HeH. Onpeneneno B huap- 
Jlvuamnka BbILeayHBaHHA CIPO 30- Pa ee 
Jbl BUHa U3 Ta. 2. B 9ToM onpiTe Mpo- bes mek. we 
uecc BbINLeAaYHBaHHA CbIPOH 3OJIbI H3 ied Has a ae 
JIMCTbEB JIPCBECHbIX PaCTeHHH MpoTeka- as | 28 | @§ 
eT Oojlee HIM MeHee PaBHOMePpHO Ha SE Ss ise 
MpOTA2XKCHHH BCefO BPeMeHH HCCIENO- 
BaHHA. Y KyCTaPHHKOBbIX NOpOd (CBPO- yo sepemuarnrii 0,92 | 1,08 | 2,00 
nmelickoro GepeckseTa H YePHOH OySHHbI) — gi? KPacsnil a tenes: ne 
HTCHCHBHOE —BINeMAYHBAHHE BOIL FRAG 45742 |/rayoon V8 700 
es aers, TOJIbKO B MepBOH 4YacTH a 3,95 | 2,21 | 5,86 


pllbITa (Ha 16 jleHb), BO BTOpOH yacTH = PYSHHAa YepHan 
Ha 40 jenb) OHO MeHbIIe. OOulee KOJI- 
€CTBO BbIMBIBaemMOH 3a 40 AHeH 30/bI WOCTHraeT B CpeqHem NO Nopoqam 
3—61%. CkopocTb BbIMeIauMBaHuA CbIPOM 30/Ib1 B JaOOpaTOpHbIxX ycCu0- 
BHAX (IIpH 18—20°) B WBa-TpH pasa OOuIbUe, YeM B eCCTECTBCHHBIX YCJOBHAX 
(B OCCHHE-3HMHUH TepHox rosa). ITO OODACHHeTCA OFPOMHOM POJIbIO TEMa B 
MPOWeCCe passIOMRKeHHA OPraHHYeCKUX OCTATKOB. 

Basanc spentaymBanua (Ta6v. 3) MoKa3au, YTO H B 3TOM OMbITe HaOsMogaer- 
oA YBeJIMUeHHe CHIPO 30bI. Bowee Bcero YBeJIHYMBaeTCA COMeCPRaAHHe SOI B 
MMCTbAX YePHOH OysuHBI u OyKa (23,6—26,7%) WH HesHadHTebHO (6,4%) — 
3 JIMCTbAX YepeutuaToro Ay6a. B TOM HIM MHOM CTEMCHH YBeJIM4YeHHE CbIPOH 30VIbI 
IPOUCXOMUT B JIMCTbAX BCeX NOpO — Kak KYCTaPHHKOBbIX, TaK H [P€BECHEIX. 

Jl aHuHbIx O MOBbIMIeCHHH BaJIOBOrO COMepKaHHA ChIPOH SONbIB JIHCTbAX IPH UX 
MMHepaulM3alluu B JMTepaType mouTu HeT. A. K. spuesa (4) oTmeyaeT, 4TO B 
euenne 18 Mec.MHHepaJIH3allHH BaJIOBOe COMepAKAaHHe 3OJIbI B MCTHAX ay6a yBe- 
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amunsoch c 6,6 go 19,9%, a B omage XBOH JIMCTBeHHHIbI C 21,2 no 30,0% 
A. VU. 3paxesckul (°) ccbiulaeTca Ha Halll JaHHBIe. 

AHasM3upys MOsyUeHHbIe LaHHbIe C TOUKH 3pCHHA BOSMOMKHbIX XHMHYCCKH? 
peakunli, MpOTeKaloulHX B JIHMCTbAX B Npomecce HX MMHEePaJM3al[HH, MOXKHC 
IIPHUTH K 3aKJIOUEHHIO, YTO YBeJIHYeCHHE BaJIOBOFO COMepKAHUA 3OJbI SABUCHT O7 
cocTaBa 30JIbHbIX 9JIEMeCHTOB H HX XHMHYeCKON Mpuposp. BOMbUIMM yBeJH4eHHeN 
30JIbI OTMMYAIOTCA Te MOPOb!, ONAL KOTOPHIX COMEPAUT OO bIION NPOLMWeHT UeTOy 
HbIX H UL@JIOUHO3EMEJIDHBIX MeTAJIJIOB, a TakxKe *Keesa. YBeIMYeHHE COLEpKaHnHs 


Ta6Oauna 3 


BaaHc BbIMBIBAaHHA CbIPOH 30bI B JaOOpaTOPpHOM OMEITE 


Conepx. Br Ha 100 Tr a6c. 2 Conepx#. B JHCTbAX Tocse 

cyx. Maccbl i BHIMBIBaHHA Banaue 
is) 

Pacteuue a i BbIMBIBa- 
BaJlOB. B CBE. 3, |Brua i00T |p »% orpanos.| Hud BN 

B ®dusbTpaTax aN a6c. cyx. 4 

JIHCTbhAX ® On aah: cofepxK 
Aly6 uepenuatiit 8,60 2,00 23,3 Ue) 83,1 + 6,4 
Jiy6 KpacHprit 6,18 4,47 23,8 5,69 aa +15,9 
Byk 10,35 Pehl 2453 41,00 106,3 +27,6 
T'pa6 7,59 3,00 39,5 5,85 Tit +16,6 
BepeckseT epponeii- 

cKHi 42,49 5,56 44,5 9,20 73,7 +18,2 
By3uHa vepHaa 16,53 10,14 | 61,3 10,30 62,3 +23 ,6 


CbIPOH 30JIbI B JIMCTbAX MOPOT BNpOWecce MHHEPAJIM3SAWHU UAET 3a CueT IPHCOeM: 
HEHHA JPyrX 3JIEMeHTOB, B OCHOBHOM yrulepoya H KuCOpoyza. Hampumep, pt 
O30JIEHHM CBeKero ONaya (MeTOAOM cxKuTaHHa pH 600°) oOpasyroTca Mpenmy: 
UL€CTBCHHO OKHCJIbI 3JIEMCHTOB, BXOAAWIMX B COCTaB OMaa. OKUCJIbI MeTAaJIJOI 
H WaCTHYHO Jpyrne COeAMHEHHA (COIN) COCTAaBAIOT ChIPylO 301y. B pesyabrare 
2Ke JVIHTeIbHOFO Mpollecca eCTeCTBEHHOFO Pa3JIORKeHHA, MMHEPaJIH3alHU, B 030 
JICHHOM oOllaye OyyT COWepKaTbCA HE OKHCJIbI METAJIJIOB, a HX CTOHKNe COM — 
KapOoHaTHI C Ooee BbICOKHM MOJICKYJIAPHbIM BeCOM, KOTOPbIe HW ONpeesA107 
lmpHOaBky Beca 30JIbI 3a CueT MPHCoeAMHUBWErOcA yruepowa Hu KuCMOpona. TIpr 
UpOKaJIHBaHHH CbIPOM 30JIbI pH BbICOKOM TemmepaType (900—1000°) Bec e¢ 
YMeHbIUIa4eTCA 3a C¥eT PaspylIeHHA KapOOHAaTOB C OTULENJIeCHHeM yIreKUMCOT* 
ra3a. 

Cie€QOBaTeJIbHO, MbI HM€eM BCe OCHOBAHHA MOJlaPraTb, YTOSTO YBEMMYCHHE BaslO 
BOFO COJ€PKaHHA ChIPOH 3OJIbI IPOHCXOHT, B MepBY!O OYVepedb, 3a CUeT IPHCOeEAN 
HeHHA yrulepOla H KHCOPOLa, KOTOPhle BbIAeIAIOTCA H3 OPraHHYeCKHX OCTATKO} 
Np UX pasJlOKeHHuH. 

JLOnOJIHMTeIbHOe BOBJIEYeHHE B KPpyroooopor BemlecTB yreposa H KUCIOpONe 
MPH NOMOULH HEKOTOPbIX METAaJIJIOB, COMepKallHXCA B Ollaye APeBecHbIX Mopoy 
HECOMHCHHO HMEE€T MOJIOXKHTEbHOe SHAYCHHE JIA WHTAHUA PeBeCHbIX pacTeHult 
Tlostomy memecoo6pasHo MepHogqMyeckoe BHECeHHe MO eCOHacaxKeHHA couel 
ULCJIOUHOSEMEJIDHBIX H APyrHX MeTaJVJIOB B KAYeCTBE AKKYMYJATOPOB yrviepore 
MH KMCJOpORa. OTOT BONpOC 3aCTyKUBaeT MaJbHelilero SKCMepHMeHTaJbHOr 
H3yueHHA. 


OtjeseHve XMMWYeCKUX M reomorMy¥ecKHX HaykK Tloctynuso 
AxkajlemMun Hayk YCCP 22 VIII 1959 
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SOOMOLH f 


C. WH. MAJIBIWWEB 


OCOBEHHOCTH MNOBEXEHUS WH PASBUTHA APXAMVUECKHX 
HAE3(HWKOB TACTEPYNWMH (HYMENOPTERA, GASTERUPTIIDAE) 


(ITpedcmaeaeHo axademuxom E. H. [asaoscxum 18 I 1960) 


B faneko pasoOuleHHbIX Apyl oT Apyra Halcemelicrpax HaesqHuKoB (Tere- 
brantia) COXPaHHJIMCb CeTbi OPraHH3alluu UX OT aJICHHbIX TIPeKOB. 3To oTpa- 
MKae;rca HE TOJIbKO B CTPO€HHH, HO, He B MCHbILeH Mepe, H B OHOJIOrTHH HX HOCHTe- 
Jie. OTCIOa BOMPOC O *KU3HH HM PaSBHTHH aPXaMyecKuX Hae3HUKOB HMeeT BaXK- 
HeHilee 3HAYeCHHe AIA BbIACHCHHA MCXOQHOH (aspl ZBOMIOMMH MapasHTOWAHbIX 
NlepeCNOHUATOKPbIVIbIX, BOSHHKIUMX, KaK H3BeCT- 
HO, OT HCKOHHO PpaCTHTeJIbHOALHBIX cbopm, Phy- 
tophaga (°). 

K 4aucily TakHX IPHMHTHBHbIX Hae3,HHKOB 
IIpHHaexKUT H CemeHcTBo Gasteruptiidae, 0o6- 
pas3ytousee BMecte c Evaniidae u Aulacidae naz- 
cemelictso Evanoidea. JlomuyHupytoulum no unc- 
Jy BugoB (oKoO0 3000) cpequ Bcex sBanony- 
HBIX Ha€3.HHKOB ABJIACTCA KOCMONOJIUTHYeCKHH 
poy Gasteruption Latr. 

VMmeroulueca B HayKe CBECHHA O KH3HU Tac- 
Tepynuul Jo CuX Nop elle Kpaline OrpaHHueupl. 
Tak, COBEpUIeCHHO HeEOCTaeT ONpPeesICHHbIX JaH- 
HbIX O AMMaX, OTKabIBAeMbIX TacTepyNWHAMH, 
0 cmoco6e vw MeCTe HX OTKJaKH, O HOBOPOXK]eH- 
‘HOM JIM4HHKe H O ee IMTAHHH, a TaK%Ke O MMTAa- 
‘HWW pacTYUHX JIMYHHOK H O HX BO3PaCTHbIX 
W3MeHeHHAX. HecmoTpax Ha 9TO MIPHHHMaeTcaA, ; 
uTo BCe JIMYHHKH Fracrepynunli —aKTonapasutp Puc. |. Xaedeu Ceratina cyanea K. 
B3pPOCJIbIX JIMYHHOK OMHOUYHBIX OC HmyeN, a © bar rmnbete a ects Ss 
3TO B OCHOBHOM He COBMajaeT C JaHHbIMH, I0- Guér. (cripapa) 
\JTYYCHHBIMH AaBTOPOM. 
|. laa cOopa matepuauia No Guosmoruu racrepy MWh aBTOp IPHMeHAJ B LWMpOKOM 
‘acuita6e Pa3JIMUHbIe IPpHMaHOUHble yCTAHOBKH, OTYACTH ONMCaHHbIe HM PaHbllle 
(?). Baarogapa aTomy OpiiM CoOpanbl OOCTOATEIbHbIC CBECHHA O 2KUSHH H pas- 
BHTHM pAjla BUOB racrepynuHi, a uMeHHO: G. rugulosum Ab., G. thomsoni 
Schlett., G. caudatum Szepl. u G. pyrenaicum Szep!., 1 yactbio — G. foveo- 
Jum Szepl. u G. hungaricum Szep1. 
| TIpu 3apaxkenun rHe3y CaMKH BCeX HaOJIOLaBLUIHXCA BUOB OOHapyXHJIM TpH- 
'BepKCHHOCTb K TCM HJIM HHbIM ONpeLeeHHbIM XO3MeBaM. Tak YeTHIPe U3 HaSBaH- 
MBIX racrepynunit (G. rugulosum, G. thomsoni, G. foveolum u G. hungaricum) 
BCTPC¥aJHCb JIMUIb B PHe34aX MPHMUTHBHBIX Wwe KOMIeTHA — Colletes u Hy- 
laeus; oun Bug (G. pyrenaicum)—s rHesqax wepaTan, Ceratina callosa FP. 
u pexe C. cyanea K., u ogun (G. caudatum) —B rue3qax Osmia parvula Dul. 
et Perr. u pexe —O. leucomelaena K. 
| Ha ocnopannu paya JaHHbiX Hao 3aKJIOUMT, YTO OTKaNKa AMM Pactepyii- 
HAMM TIPOHSBOAMTCA Yepe3 BXOMHOE OTBEPCTHE 3aparKaemoro THESAa, MPH ITOM 
AMMO OTKsapIBaeTCA B CHAOXKeHHYIO y2Ke MPOBH3HeH H AHWOM AYCHKy IIdevIbI, 
OObI4HO “epe3 KpbIWIKy AYeCHKH, a HHOra ypes ee YCTbe. 
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B suetiku Ceratina u Osmia (comep»xxKallHe Oomee HI MeHee O*POPMVIEHHY!O, 
TecTOOOpa3Hy!0 MpOBH3HI0 C AMMOM MYEbI-XO3AHKUH, MPHKpPelMeHHBIM K «Xw1e0- 
Wy») PaCTepyMWMH OTKIaRbIBaloT CBOe AHWO HJIH HEMOCpeACTBEHHO Ha AHWO Muye- 
JIbl WIM Ha MEABAHYIO MIpOBH3HIO HefaeKO OT Hero (puc. 1). Haodopot, B ayer- 
Kax Hylaeus u Colletes (coqepxaujux HEOPOpMJIEHHY10, MOJyKHIKYIO MEBA- 
HY1IO MIPOBH3HI0) He HaOsOJaIOCcb, YTOOK! AMMO TacTepyNUMH OTKMaIbIBaJIOCb 
Ha AMMO MYeJIbI-XO3AHKH, HO BCera B CTOPOHE OT HEYO H HE Ha IIPOBH3HW, a JIMUIb 
Bose Hee; AMO 2%Ke G. rugulosum OblI0 HEOMHOKPaTHO HaleHO axe CHapyKU 
muieHuaTol CTeHKH AYeHKH TusleH, Mog ee BHelIHeH OOMa3KOH. 

TlamoukospugHoe, cierka corHyoeT suo Gasteruption uMeeT JIMHY OT 
1,25 mo (y G. rugulosum) go 2,25 (y G. thomsoni) np HaMOoubuleH WupuHe 
0,25—0,5 mm (puc. 2). OOono4uKa aa Ma- 
TOBad, WarpHHupoOBaHHaa. TO/O0BHOH KO- 
Hell CO IIMPOKHHU, OKPYrJIbId, a 3aqHHH 
6ojlee TOHKHH, KOHHYeCKHH, Oe3 cCTe6eJIb- 
Ka; HO B J\aJIbHeHleM, Nepey BbIJIyMIeHu- 
eM JIMYMHKH, 3aHHH KOHEIL XOPHOHa’ My- 
cTeeT H JeaeTCa MOXOX%KHM Ha cTeOeeK. 

Bolly MJIeHHe JIMYHHKH MPpOMCXOANT Ha 2 
wu 3 eHub Moce OTKMIAaLKH Atta. HoBopo- 
KCHHad JIMYMHKAa TacTepyniwuH — C 6ouIb- 
WOH MOUTH KBapaTHOH FOJIOBOH, Hecyulen 
XOPOUIO 3aMeTHbI€ AHTCHHbI (puc. 3). Teo 
ee OlecTaulee, TOOe, 3aOCTPAlouleeCA K3ANH MW 3aKAHYMBALOULeeCA KOPOTKOM 
BHJIOYKOH, 3AMeTHOH JIHLIb IPH JBHXKCHHAX JIMYHHKH. Ha OprouIHOH CTOpoHe 
JIMUMHKH, Tp paCCMaTPpHBaHHH ee B 
IIpOuJib, 3aMe€THbI «MHKPOMOLHH» — 
MapHbI€ BbICTYMbI, MOXO*KHEe Ha aOO- 
MHMHAJIbHbIe KOHCYHOCTH MOVJIOJbIX 
JIMYMHOK MMIMIbULAKOB (Pontania). 

Ilpu mepemenleHHH HOBOPOKeCH- 
Had JIMYMHKAa He CrHOaeTCA pyro, Puc. 3. JIvunyKxa Gasterution pyrenaicum Guér. 
Kak PyCeHHlla NACHHUbI, M He CTaHO- I Bospacta 
BHTCA Ha 3a]HHH KOHEL, Kak IJIaHH- 

HA, HO, MUpHnoqHAB TepeHto10 

MOJIOBHHY Tela HW CyIerKa OTKHHYB ee Ha3aj, HallpaBuIaeT TOOBy Bilepen, 
Kya WM MOATATHBaeT OCTaIbHOe TelO. OTH ABHXKeHHA B TOM Ke MOpsay- 
ke mosTopsorca. B pesyJbTare JIMYHHKa JIerKO MOKeT YHTH H3 BCKPbITOM 
AUCHKH. Mxorya B OfHY MH Ty Ke AYeCHKY MOET ObITb OTOXKEHO HE ONHO, a Ba 
alia racTepynuMu, H3 KOTOPbIX OCTaeTCH TOJIbKO OHO. 

Ilo Bbrxoge u3 AeBOK OOOOUKH JM4MHKa ractepynuni (caudatum, pyrenai- 
Cum) OObI4HO OBICTPO HaXOAUT AMO NyebI. YCTPOHBLUMCb Ha HEM IIPOOJIbHO, OHA 
MIpOKaJIbIBaeT BECbMa TOHKY!O €FO OOOJIOUKY OCTPbIMM WIHJOBHIHbIMH X%KBalaMH. 
UYepes MovcyTOK HIM OKOJIO TOrO BbICaCbIBaeTCH BCe COMEPKUMOe Aa NYyeIHT, 
a OMycTeBiad OOOOUKAa eFO OCTaeTCA Ha MECTE, Ba 3aMeTHAd CHU3Y JIMYHHKH 
racrepymuuu. Teo mocieqHei Telepb CHJIbHO B3qyBaeTCa, CermMeHTalna 
MOUTH MONHOCTHIO HCHesaeT H TONOBA KaxXKeTCA YKE OTHOCHTEbHO OUCH 
MaJICHBKOH. 

Jimuunka G. rugulosum, BbiHAA u3 AHila, OTOKeHHOO CHApPy KU BEICTHIKH 
AUYCHKH, MpOrpbl3aeT KpOlleuHOe OTBEPCTHE B NJIeHYaTOH CTeHKe AUEHKH y ee 3a- 
Hero Kpad HM MOAMOM3aeT K MaNOUKOBUAHOMY ALy rusen, WaBalolulemMy Ha No- 
BepXHOCTH NOJY KUAKON MexBAHOH Kallnubl. HoBpopoxkenHasd mHunHKa G. thom- 
soni B HaOM04aBUIHXCA ClyYaHX He Tporadia alia Colletes, noqBeumBaemoro 
y 9THX Ye K NOTOKY AGeHKH. BeWIyNMBIadcsa M3 Aa JMUMHKa KONMeTAa crH- 
OaeTcaA yroli, mepenom3aeT Ha MOMYKUAKY1O KallMIly uM MWiaBaeT Ha Heit, co- 
THYBINMCh KoJbUOM. JlambHeHIlero pasBUTHA JIMYMHKM Kos eTa B 3apaxKeHHolt 
AueHKe, OHOTO He MpOMCXOAMO, OHA MorMOana Oe3 BAAMMOM MpHuMHB, a Tpyn 
ee OCTABaJICA HETPOHYTHIM. 


Puc. 2. Aito Gasteruption pyrenaicum 
Guér. 
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_ JMYMHOK racTepyNMWAH OTKpplBaerT- 


| 3aneli HW HauMHaeTCH JedeKauna. 


B cooTBeTcTBHH C yKa3aHHbIMH pa3JIM4HAMM JlambHelimee pa3BuTHe H muTa- 
HHE JIMYHHOK TeX MW Apyrux TacrepynwMh MponcxoguT mo-pa3Homy. JIMuHHKH 
I] Bospacta, G. caudatum u G. pyrenaicum, Haxozacb Ha MpoBH3Hu Ha TOM xe 
CaMOM MECTe, Tle HOPMAaJIbHO MHTAawWTCA MH JIMUHHKH-XO3AHKU, OYHb MOXOKU 
Ha NOCI€IHHX WH MO BHEIWHOCTH, Tak ¥TO TIpH OerOM B3riAye JerKO MOryT 
ObITb CMeWlaHbI C HUMH. Ho 9aTOrO Heb3q CKa3aTb po AMYMHOK II BO3pacTa 
G. rugulosum u G. thomsoni, Tak Kak OHH He 1e2KaT Ha NOBEPXHOCTH Meza 6oKoM, 
COrHyBINMCb B KOJIbUO, Kak JIMYHHKH PHJIeH WM KOJVJI€TOB, HO, B OTJIMUHE OT HUX, 
MWaBaloT Ha OPIOWIHOH CTOpOHe B MpAMOM MOIO%KeHHH. 

He focTuruys H NMOJIOBMHEI CBOero NONHOrO pocTa, JHYHHKM racTepynunit 


nepexogat B III Bospacr. Tenepb ux moBegqenne HU BHEIIHOCTh pe3KO MCHSIOTCH. 
[Ipexje Bcero, C STOrO MOMeHTa y 


ca cooOujeHHe cpeqHel KHUIKH C 


BplqevIleHHbIe HMH KOMOUKH 9KC- 
KP€MCHTOB MOZOOHbI TaKOBbIM HX 
XO3A€B-JIMYHHOK MUYCJIMHBIX, XOTA 
B J\aJIbHeHLWeM OHH OOpa3yioT HHO- 
ra Wesbie WeNmouKN, NMOxo*Kue Ha 
TAaKOBble€ JIMYHHOK OC Canur (Sapy- 
gidae), NuTaIolmluxCa TOxKe MeqBA- 
HOH muueH. TouoBHbIM KOHIIOM Puc. 4. JInuunxa  Gasteruption pyrenaicum 
NOJIYB3pPOCJIbIe JIMYHHKH Pactepyli- Guer. III Bospacta 

UHH HallpaBJIAOTCA Tenmepb B 

cTOpoHy Ha syeHKH HM yruyOulsioTCH B MpoBH3Hio. Ha ux cpeqHux 
cerMeHTaxX — KaK N10 O0KaM Teva, TaK H CO CIMHbI — NOABJIAIOTCH pesbeduble 
BbINAYHBaHHA, TO COCIEBHAHbIe, TO CTOMONKOOOpasuple (puc. 4). 

B JaibHeliiem, M0 Mepe TOrO Kak JIHYHHKH MOApacTawT HW MOKPOBbI HX pacTa- 
THBaloTCA (OCOOeHHO B IWHPHHY), POpMa HM Pa3MePbI STHX BINAYHBAHHH 3HauH- 
T@JIbHO Me€HAIOTCH. B KOHCYHOM CueTe OHH CTAHOBATCA HH2KE H WHpe, a HHOTTAa 
H COBCeM HCuesalOoT (HalpHMep, CMHHHbI€ BbINAYHBaHHA B3POCJIbIX JIMYMHOK 
G. pyrenaicum), HO Moporo OHH BCe Ke OCTAIOTCA Kak XapaKTepHble yepTHI (Ha- 
mpumep, GOKOBbIe BHICTYNbI WHYHHOK G. caudatum u G. thomsoni). 

JIM4MHKH racTepynuni, pa3sBuBalollHeca BHe3ax C PbIXJIbIMH HIM CaObIMA 
meperopoykamMu, HCTpeOuB 3anac MpOBH3HH B OHO AYeHKe, MPOHHKaIOT He- 
peaKo B COCeqHIOIW, a HHOra HM Jaibule, TAC YHHYTOXKAWT BCe COLepxKUMOe 
AyeeK, 2B TOM UHC HW JIMYHHOK M4eJbI-XO3AHKH. IIpH 9TOM OHH BexyT CeOa HE 
Kak lapa3HTbl, MOCTeMeHHO BbICACbIBaIOWHe COKH XKePTBbI, HO KaK HaCTOAUMe 
XHULHHKH, MoejarolHe JOOblyy Tak, 4YTO OT Hee Yepe3 HEMHOFO YaCOB OCTAaIOTCA 
JIMUIb pacTep3aHHble MOKPOBbI H MycToH yepen. Bo MHorux CyyaAX sTOrO, O7- 
HakO, He OplBaeT, H JIMYMHKH Pa3JIMUHbIX BUOB racTepynWuh OrpaHHuMBaloTca 
JIMIUb M@JBAHBIM 3alaCOM, 3afOTOBJICHHbIM B OJHOH suelKe. 

Ilo oKOHYaHHH NHTaHHA JIMUHHKH TacTepynuHH He JlesaloT HaCcTOAULero 
KOKOHA, HO JIHIIb H30/IMPYyIOT CeOA OLHOH HIM JBYMA NoMmepeyHbimMn Neperopog- 
KaMH B OMYCTOWeHHOM HM TULATeJIbHO OUHILEHHOM OT MyCOpa y4acTKe rHesja. 
B KauecTBe CTPOHTeEIbHOTO MaTepHada OHH MPHMCHAIOT IPH 3TOM BASKY!O KOPHY- 
HEBYIO MACCy, BbIAeICHHY!O H3 KHIWEYHHKa WH HAHOCHMYIO HHOTa Ha CTEHKH BCE 
MOOCTH, HO 6€3 IIpPHMCHCHHA WeMKOBHCTHIX HuTeH. B TakKHx MpWMHTHBHbIX 


_ «MOJIYKOKOHAX» OHH HW 3HMYIOT. 


HeogHokpaTHo Ha6siofasocb, YTO JMYMHKH G. pyrenaicum BcKOpe nocae 
H3POTOBJICHHA MOJIYKOKOHOB OKYKJIMBaIOTCA H, CiyCTA Bcero 4—d Heferb TO 
BbIXOe H3 Ala, OKPbIAIOTCA, aBad TAKUM OOPa30m BTOpoe MOKOMEeHHE B roy. 

V3 u30x%KeHHOrO CuleqyeT, YTO racTepyNWHH He SKTOMAapasuTEl, KaK MPHHH- 
Masiocb Oo cux nop (1, °, 7), a THMHYHEIE HHKBUJIMHbI XH MpHTOM — TOJIbKO 
MYeIMHBIX. YKa3aHHe, YTO PacTepyNUHW PasBUBaIOTCA H B He3faX HEKOTOPBIX 
OJMHOUHBIX OC, HalO MpH3HaTb OWIHOOUHBIMM, OCHOBaHHbIMM Ha HETOUHOCTH 
HaOwJIOeHHH,— Hu B Culy4ae MOyYeHHA PacTepyMMH W3 CMEIMNAHHBIX MYeHHO- 
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OCHHBIX THE3L, HepeAKO BCTpeyaiouUxca B Ipupogre. IlogoOnaa omMOKa BbIAC- 
HWUIaCb, KaK W3BeCTHO, H B OTHOWICHHH MHKBUJIMHH3Ma Canur (°). 

Cpeqv MpHMHTHBHBIX Hae3HHKOB MOYTH OHH TOJIbKO Gasteruptiidae co- 
XPaHHJIH B CBO€M MOBeECHHH XapaKTepHbIe YEPTbI aPXAMYeCCKHX Ha€3HHKOB, 
Pa3BHBaBIUMXCH KaK HHKBUJMHbI B TawiaX WePOWAHEIX MHJIMJbIHKOB (°). 
PoncTBeHuple racrepymuuam Evaniidae mepemmu B dasy oodaros, a MavO 
M3BeCcTHBIe GHOmOrMuecKH Aulacidae, a Tak>xKe H Orussidae ABJIAIOTCA, TIO-BHH- 
Momy,— Noqo6Ho u3pecTHbim Ibaliinae — meTalapa3uTaMu, 3apaxKalolllMMu 
alilla KCHIOaros, HO pa3BUBAaIOULHMHCA 3a C¥eT HX OOee HJIM MCHEe B3POCJIbIX 
suuuHoK. Uto xacaerca Trigonalidae, To sTO — mapa3HTOHAbI, adsppaHTHO 
YKJIOHMBINHECA OT TEX Ke OOUIMX MpeKOB Hae3AHHKOB apXaH4YeCKHX HHKBHJIH- 
HOB: (°°). 

Tlepexoq mpuMuTuBHbIx Gasteruptiidae kK 3apaxkeHuio THeE3q MpeyKoB mye- 
JIMHbIX HAO OTHECTH K CepeHHE MeJIOBOFO TlepHOsa, KOra IpOHCXoAMa CMeHa 
JPCBHHX, TOJIOCeEMeHHBIX, PaCTeCHHH HOBbIMH, MOKPbITOCeEMeHHbIMH, HM KOTa CO- 
IIPS2KeHHO C 3THM UWIO Pa3BATHe BeCIMOMAHbIX wu CPeKOHAHBIX MYeIMHBIX (*). 
Ha elcTBHTebHYIO BOSMOXKHOCTH H axKe H3BECTHYIO JIEPKOCTb TakOro Mepexoxa 
yKa3bIBaeT HaHUMe Cpequ APyruX HaCeMeHCTB Hae3HHKOB TaKHX POOB, KaK 
Eurytoma, oqHu MpeqctapuTesmu KoTOppix (E. aciculata Ratz.) pasBuBalorca 
B TajllaX MHJIMJIbULMKOB, a Apyrue (E. robusta Mayr) — B syeHKax OJHHOUHBIX 
mye, XOTH CaMOe IIMTAHHE HW Pa3BHTHE B TOM H J{pyrom Clyyae MpOuUCXOAUT yxKe 
HeECKOJIbKO HHaye (?). 


VYuCTHTYT 9BOJIOWMOHHOK du3nouorHH Tlocrynmuso 
um. UW. M. Ceuenosa 15 I 1960. 
AxayemMuH HayK CCCP 


UWHTHPOBAHHAS JIUTEPATYPA 


1H. Hoppner, Allgem. Zs. Entomol., 9,97 (1904). 2O.M. Hpanosa-Kas3ac, 
SuTom. o603p., 37, B. 1, 5 (1958). 3S.J. Malyshew, E. Abderhalden Handbuch 
der biologischen Arbeitsmethoden, Abt. 9, 329 (1932). *C. UW. Maastmes, Tp. Bcecorsn. 
SHTOMOU. OOul., 438, 83 (1951). & C.W. Maasues, JAH, 109, 5 (1956). ®C.U. Ma- 
J bl we B, TJepenonyatoxppiabie. Mx npoucxoxyenne u sBomounA. M., 1959. * E.G. Lin- 
sley, Hilgardia, 27, 19 (1958). ®V.S. Pate, Acta Zool. Lilloana, 4, 393 (1947). 
*O. Schmiedecknecht, Die Hymenopteren Nord- und Mitteleuropas, Jena, 1930. 


Joxnxagn Axagemun Hayk CCCP 
1960. Tom 132, Ne 1 
S00/1I0THA 


H. Ti. TAPHABCKHA 


O THBPHAE JHEMPOBCKOIO PbIBI[A HW PYCTEPbI 
BLICCA BJOERKNA (L.)x VIMBA VIMBA VIMBA NATIO 
CARINATA (PALL.) 


(IT pedcmaeaexo axademuxom E. H. TMaeaceckum 18 I 1960) 


Ilepppie ynomMuHanua O rHOpuyze AneMposcKoro pri6ua (Vimba vimba vim- 
)a natio carinata (Pall.) u rycrepsi (Blicca bjoerkna (L.)) naxogum y B. Hca- 
ienko (*), K. Keccnepa (*) u JI. CaOaneesa (*), npuuem Keccnep Ha3Ban ero 
TyCTHpHbIM pplOlom». Mopdo.sormyeckoe omucanue ero 0 OMHOMY SK3eMIIApy 
jam J. Benuur (*). Tlosquee sta yaHHble OpliM ucnomb30Banb JI. C. Bep- 
om (*). Kakux-s1H60 HOBBIX JaHHEIX 0 opmosornu u Ovonoruu ruOpuna 
yCTepbI HW pblOla B JMTepaType He HMeeTCH. 

Marepuasiom Jia HaCTOAMeH CTaTbH NMOCcyxKuUIM COOpHI u HaGJOLeHHA aBTO- 
Ja, TIPOBeeHHbIe Ha HuKHEeM J[Hempe u J[HenpoBcko-byrckom wuMane B 1953— 
956 rr., BO Bpema H3y4YeHHA O“OMOrHM AHEMpoBcKOro ppHIOAa (7). 

Onucanne rnOpuya BEmmoHeHO 0 126 sk3emnuIapam pbi6. Kpome Toro, o6pa- 
OTaHO OvomeTpHyeckH 60 dk3emnuIApoB pHi6ua u 77 — rycrepp. Jia anamu3a 
lolOu“palacb ppHiOa MpPHOMH3HTeIbHO PaBHLIX pa3sMepoB (B Mpezemtax 16,1— 
4,0 cm). U3mepenua mpousBosHsiucb Mo 28 naacTHueCKUM MpH3HakaM MO Cxeme 
1. ®. [Ipapguna (°), BbIYHCIeHHe SJIEMEHTOB BapHallMOHHbIX PAQOB Opiwio cye- 
1aHo 10 TaOHuaM H HOMOrpamMam Mopososa. 

AvaJiv3 BapWalHOHHbIX KPHBbIX H3MCHYMBOCTH OTJCJIbHBIX MCPHCTHYCCKHX 
IDH3HAKOB He JaeT OCHOBAHHH C4MTAaTb BCeX HCCJICQOBaHHbIX HaMH PbIO ruOpu- 
(amv TlepBoro MOKOeHHA. B MpOMbICJIOBLIX YJIOBaX, BEPOATHO, HMelOoTCA THOpH- 
(bl TOCeELYIOUMX MOKOJeCHHH, B TOM 4YHCIe H HX BO3BPaTHble (POPMbI, TAK Kak 
(OBOJIbHO YaCTO BCTpeyaloTcA THOPHAHbIe OCOOH, MOUTH HE OTMMUYAIOWIHeECA OT OJ- 
(OrO H3 HWCXOHbIX POAHTCMbCKHX BHIOB. 

TlockobKy WMeeT MeCTO TpaHCcrpeccua MOKasaTeeH OTIEbHBIX MIPpH3HaKOB 
/ TAMMMUHIX (OpM THOpHOB, a TakxKe y pHlOwa H rycrepbl PHOpHAHOrO Mpoucxo- 
KICHHA B pe3YJIbTaTe BO3BPaTHbIX CKPeUIMBaHHH, MOMYYeHHbIe HAMM JaHHbIe 
[BJIAIOTCA XAPAKTEPHCTHKOM MpOMBICJIOBOFO CTaa «ryCTHPHO"O pblOla» HHKHETO 
[uempa u J[Hemposcko-Byrcxoro J1MMaHa. 

CpaBHenve MepHCTHYeCKHX MpH3HaKoB (TAO. 1) MoKaspIBaeT, YTO «ryCTHp- 
ibIM PHIOeLL KHMeCT OMMHAKOBOE C HCXOJHIMH (POPMAMH YMCIIO HKECTKHX HM MATKUX 
1yueH B CIHHHOM IlJlaBHHke. 


TaoOauna | 
CpaBHeHve MepHCTHYeCKUX MpH3HakOB «rycTHpHOrO ppi6ua» H HCXOQHEIX tOpM 


Tyctepa X ppl6e Pr6en, Tyctepa 
IIpu3sHak 
n dopmysa n dopmy aa n cdopmya 
Iucno ayyei BD |129 III 8(9) 182; Ill 8 (7) (9) |77| Ill (7) 8 (9) 
Iucno nyueli B A 123] III (16; 18; 49) |480|III (47) 18—20 (21)| 77 Ill (19; 20) 
20—22 (23; 24) M= 19,14 21—22 (23; 24) 
M = 20,65 M = 21,43 
9—10 9—11 8—10 
SOKOBaA JIMHHA 427 45 Baegr 57 179 93 76 61 76 46 =O) 03 
Wl BA? M = 57,09 Mie A8noo 
‘noTounble 3y6nr = | 120 1.5—5.4 200 5—9 76 2.5—5.2 
(1.5—5; 5—5.1; 4 CD) 
Ae 5 —e2s 20a nls 
D5, 2) — — - 
Iucno nyyeli B P | 37| I 14—18 (19) = 
Iucao myuet BV | 36 IT 8—10 += — iat a= 
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ZT eUHLORL 


wdod xiquYoxou wu «engimad otondustoAI» aONRHEnd XHMIAMLORLU WHHeHARdD 


Puc. 1. PriGe x rycrepa; 2 IV—V: J[auua (J) 20,5 cm, Bec 210 r; Bospacr 
3+roga; Bec NomoBbIX npogzyKToB 37 r. Huxuuli JInenp, 30 V 1959 r. 


Ilo Apyrum mepucTuyeckuM MpH3sHakaM <ryCTHpHbIit pHiOen» 3annmaerT|upo- 
M@XKyTOUHOE MOJIORKeHHE C HESHAYHTEJIBHbIM OTKJIOHCHHEM K OHO H3 HCXOJHbIX 
opM. 3yObr rycTupHoro ppi6ua ABypxAAHIe, 3a THMMYHYIO MopMywy MOXKHO 
MpHHATb 1.5—5.1. Monosok Aumopdu3m y «ryctupHoro ppiOiay MoYTH OTCyTCT- 
ByeT, eCJIM He CYHTATb TOTO, 4YTO y CaMOK BBbICOTa Tela HECKOJbKO OOvIbUIe 
(Maiti = 3,2), 4em y Camuos. OTcyTcTBHe NoOBOrO AMMOpdu3ma y «ryCTHPHO- 
ro pplOla» H HE3HAYHTEJIbHOe eFO MPOABJIEHHE y HCXOJHbIX (OPM ]aeT HAM OCHO- 
BaHHe CPaBHHBaTb MacTHyeCKHne MPpH3HaKH BCeX PaCCMaTPHBaeMbIX ChOpM M10 06- 
UMM IIPH3HaKaM CaMIIOB HM CaMOK. 

IIpu cpaBHeHHM TWwacTHYeCKHX MpH3HaKOB TomOBbI (Tabs. 2) O6paTusa Ha 
ceOa BHHM@HHe JWIMHa HHKHEH YeTOCTH «ryCTHPHOrO pblOla», KOTOPaa 3HadH- 
TeJIbHO JJIMHHeEe, YEM Y HCXOJHbIX (OPM, ABJIAACb HOBOOOPa3s0BaHHeM. BpicoTa 
POJIOBbI WH pHHa FroJOBb! HW Oa y rHOpHa OMKe K BEIMYHHAM 9THX MIPH3HAKOB y 
ryCTepbl,a JWJIMHA PblJla WH WMaMeTp [la3a 3aHHMAIOT NPOMeKYTOUHOE NOIOKeHHe. 

CpaBHenue MyiacTHueCKHX IIPH3HaKOB Tela «ryCTHPHOrO pbiOla» Cc NpHsHa- 
KaMH HCXOJIHbIX (OPM MOKa3aJIO, YTO THOPHA 3AHUMANWT MpPOMExXKyYyTOUHOe NOVIOKe- 
HHe JIMIIb 10 JBYM Upu3Hakam (NO AMHe OCHOBaHHA A v0 HaHOObUIeH BbICO- 
Te Tela, IpaBlla, C HE3HAYHTeJIbHbIM BJIHAHHEM Tycteppl). Y «rycTHpHOro pplOia» 
rouloBa OKa3aslaCb KOpoue, a paccTrosHue V — A Ooubule,4em y HCXOQHBIX (opm, 
YTO TakKe ABJIAeTCA HOBOOOpa3z0BaHuHem. Ilo TOMIMHeE Tela «ryCTHPHbIM pEIOeL» 
HeECKOJIbKO 6vIMKe K TycTepe, MO BCeM OCTAJIbHbIM IIPH3HAKaM 3aMETHO BJIMAHHE 
ppi6ua. Tipu onpezeseHHu BOspacTHOrO COCTaBa BbIACHHJIOCb, YTO B MpOmpicse 
«TyCTHPHbIt pbi6ely BCTpeyaeTcaA B BOSpacTe OT 270 6 ner. UetpipexrogoBasbie 


_ ppi6pl CocTaBsIa10T B ys10Bax 43,0%. Ha BTopom H TpeTbem MeCTe COOTBETCTBEHHO 


NATH- WH TpexrogoBable pbIOnr. 
Vutepecuo OTMeTHTb, YTO C YBeHYCHHEM AJIMHbI Tela «FyCTHpHOTO pblOwa» 


or 16 yo 24 cm KoodbumvenT yMuTaHHOCTH aHaiorM4HO pbiOuy (’), 3aMeTHO 


yMeHbillaetca, y rycTeppl — HaoOopoT yBeM4MBaeTCH. 
B cpa3u C TeM, YTO B MpOMbICIe «ryCTHPHBIM pbIOelly BCTpeyaeTCA JOBOJIbHO 


_uacTO, HHOTa B 3HAYHTEJIbHbIX KOJIHUCCTBAX, HeEOOxOJ,HMO OCHOBATeJIBHO H3y- 


YHTb CFO OHOMOFHIO H MPHYMHBI, BbISbIBaIOWMe CYAN peryAAPHO NOBTOpsIOULeH- 
Ca eCTeCTBEHHOM rHOpuyusaunn pplOla u rycTepbl Kak MpeACcTaBuTedev TByX po- 


OB cem. Cyprinidae. 
WUuctutyt rugpo6uonorun Tlocrynuso 
Axajemun Hayk YCCP 14 I 1960 
IMTHPOBAHHASA JIMNTEPATYPA 


171. Beauur, «Jlackippuli pu6eub» 3 WHimpoBoro MoHH334, Hayxosi 3anuckn, 1, 1923. 
Bodily a Bepr, Ppi6ni a ee ae M COMpefeIbHBIX cTpaH, 4. 2, M3q. AH CCCP, 1949, 
3B. Ucaueuxko, Tp. Beeyxp. roc. UepHomopck.-A30BcK. Hay4H. MPOM. OMBITH. CT., 2, 
Xepcon, 1927. 4K. Keccaep, [lytemectBue c 300/10rHueCKOH He/bIO K CeBepHOMY 6e- 
pery Uepxoro mops u B Kppim B 1858 r., Kuen, 1861. ° M. ® Il pasBaun, Pykosogcrso 
10 H3y4eHMIo pHiG, 3-e u3z., JI., 1939. ° J.T. CaOanees, Pui6nt Poccuu, 1911, erp. 537. 


7H. Tapuasexuii, Crygencpxi HayKosi mpaui, Kuiscbku jepxK. yHis., S0ipH., 
20, 1956. 
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Jloxaagm Axagemun nayrk CCCP 
1960. Tom 132, Ne 1 


QIKCHEPH MEHT AJBHAA MOP@OJIO‘H A 


MW. C. JAPEBCKMH 


YPOJICTBA MPH MAPTEHOFEHETHYECKOM PASMHO)KEHHH 
Y CKAJIbHbIX SALEPWIL LACERTA SAXICOLA EVERSMANN 


(ITpedcmaeaeno axademuxom H. H. II manveaysenom 12 I 1960) 


ByisBaHHble HapyWIeHHAMH SMOpHOreHe3sa YPOACTBa Y MpeCMbIKatouluxcs, 
TIPCHMYIeCTBeEHHO Ouueaiua H YBOCHHA TYJIOBMUa, ONMCbIBaIMCb HEOAHO- 
Kpatuo (!~®°) *, BombuIMHCTBO Cly¥aeB TAKHX YPOMCTB H3BECTHBI yy 3MeH (**°), 
MW JIMUIb eMHHUHbIe HaOmORaluch y aAujepuy (7°). 

Kak paBH0, ypoycTBa OOHapyxXuBaIOTCA y HELaBHO POJMBIUIMXCA WJM BbI- 
IWeNMWAX H3 AHI, MOJOAbIX OCOOeH, MOrHOalOllHX 3aTeM H3-3a HEXKU3HECIOCOOHO- 
CTH B BO3PacTe OT HECKOJIBKHX 4acoB JO 2—3 Heeb. BcTpeyaemocTb HX B MpH- 
poe Kpaline HH3Ka, He NIpeBblillad, MO HMeION[MMCA JaHHbIM, COTHIX JOeH Mpo- 
ental (2°20). 

MuoroyncyieHHble Cayuan OOpa3s0BaHHA pasHOOOpasHbIX YpOACTB HaOwOLa- 
JiMCb HamMHv B 1957—1959 rr. Npw MaccoBOH HHKYOaluu AHL CKaJIbHOH ALLeEpHUbI 
(Lacerta saxicola Eversmann), y KOTOpOH panee Oplvio yCTaHOBJICHO HOpMaJIbHOe 
mapTeHoreneTuyeckoe! pa3sMmHoxeHHe (*'). CyujecTBOBaHHe ypOOB KOHCTaTH- 
POBaJIOCb OObIHO Ha 3aKJIOUNTEIbHOH CTaquH MHKyOAalMH Mocse TOTO, Kak u3 
OOJIDINMHCTBAa AMI, YCHeBaJIM BbIBeCTHCb HOPMaJIbHbIe ceromeTKH. IIpH uckyccT- 
Be€HHOM BCKPbITHH OCTABLIMXCA AHI, B OOJIbINMHCTBe M3 HX OOHAPYyXKHJIMCb XKU- 
BbIe YPObI, OOMIYHO HECMOCOOHbIE CAMOCTOATEJIbHO OCBOOOLUTLCA OT AHIEBOH 
oOOJIOUKH WH OOpeyeHHbIe BCeEMCTBHe STOTO Ha rHOeb. 

Tlocie u3B1eYeHHA M3 AHA YpOLMMBbIe CerOMeTKH HEKOTOPOe BPeMA OCTABa- 
JIMCb %KHBbIMH HM B 34BHCHMOCTH OT CTelleHH ypOscTBa NornOasM B MpOMexKyTOK 
Bpemenu OT 1—2 yac. WO HECKOJIBKHX CyTOK. B OTebHbIX Cy"aAX THOeIb UX 
HacTyMasla WH Ha Oovlee PaHHHX CTaqHAX HHKYOalMN, YTO yCTaHaBJIMBaOCb pu 
BCKPbITHH MIpexKe€BPpeCMeCHHO CMOPILMBINMXCHA AMIL. 

B 3aBHCHMOCTH OT XapakTepa HM CTeNeHH PasBUBIUMXCA AHOMAJIMH, Noy ueH- 
HbIX YPOJOB MOXKHO Pa3feuTb Ha yeTIpe (I—IV, cm. Ta6z. 1) ocHOBHEIe rpynnpt. 

K I oTnocatca pasHooOpasuble JecsopMallun TOJOBbI, A B MepBy!0 Oyepesb 
AMCIpOnOpiHA WH UCKpuBeHMe YeocTeH (puc. 1, J, 2). Ypogqp sto rpynnpi 
ObIBaIOT JIMUIEHbI TAKKe OLHOFO UM OGOUX ras. II] rpymny ypoxos mpexcTaBAa1oT 
ocoOu, y KOTOPbIX B TOM HJM MHOH CTeMeHH IIpOABAeTCA TeHeHIIHA K Onleda- 
JIMM WIM yqBoeHHto Ty0BHUa (puc. 1, 5—12). Ypogni II] rpynmr xapaxrepn- 
3Y10TCA NOJIHbIM OTCYTCTBHEM HHKHEM YeIOCTH UM ABbIKa, TO COMPOBOKMaeTca 
XapaKTePHBIMH H3MCHCHHAMM PO/MLO3a HHKHeH MOBepXHOCTH ToOBEI (puc. |, 
13, 14). Hakonen, k IV rpynne ornocatca cnemuduyeckue ypoycTBa, IpoABuIA10- 
WHeCA B H€3aKPbITHH MOJOCTH Tea H OOMLeH AHCNPONOpuuU TYMOBULLAa, Compo- 
BOK [aolleHCA SHAYHTEILHBIMH H3MCHeHHAMH BCero cosmuyo3a (puc. 1, 15, 16). 
OcoOHAKOM CTOUT CuIyYal NOHO alebanuu, KOHCTaTHpOBaHHbIli y 25-—~HeBHOrO 
sMOpnona L. sax. armeniaca. 

Tlonagarorca Takxke ypObIl, B TOH uM MHOM cTeneHu coueTaIoOIlMe B Cebe 
MpH3HaKH KaKOW U3 yeTHIPeX rpynn. BOMbUIHHCTBO pa3sBUBUIMXCA ypOOB 10- 
CTHTaloT Pa3MePOB HOPMAVJIbHBIX CeroyleTOK (L = 23—27 mm) u sMWb NornOatoulue 


* Bonee paHuaad muTepaTypa Mo ypoyaM y npecmbiKalomuxca MpHBoquTca B cBogKe Kyu- 
HuHXxema (°) H pa6ote Haxamypa (’). 
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onc. 1. XapaxTepuble ypoycTBa, HaOwloqaeMble y CKaJIbHEIX auepuy. / — OOmee UCKPHBeHHE 
‘OJIOBLI HM YjWIMHEHHe HYXKHEM YeIOCcTH; 2— yKOpOveHHe HM MCKPHMBJIeHHe HWKHEl YemocTH; 
jH— 5 — yacTH4HOe yBOeHHe TOsOBbI (BU CBepXy, CHU3y u 3B aHdac); 6—9 — yacTuuHoe y ]B0e- 
ive TYJIOBHUIa pH cpamenHHu B OOacTu rpyqu; /O — yKopoueHHe HHKHEH YeOCTH Ha OOmeli 
‘ONOBe JByX cpocwiHxcaA ocoG6eli; // — WUTKH Mueyca, OOpa3s0BaHHOTO JBYMA CAMBLIMMUCA 
omoBamMu; 12— yacTHuHOe yZBOeHHe 3afHeli YacTH TyMOBUIa; 13 — OTCYTCTBHe ASbIKa H HYXK- 
le YeNIOCTH, CONMPOBOKMaIOUleeCA CHJIbHBIMH H3MeHEHHAMH (POHJO3a HMKHeli NOBepXHOcTH 
onoBbl; 14— To xe y 25-qHeBHOrO 9MOpuoHa; /5 — He3aKpbiITHe NONOCTH Tea Hu OOmee u3Me- 
eHMe vellyiuatoro noxposa; /6 — vsMesbueHve WMTKOB Nvseyca pH OOmeM HapyleHHH 4e- 
tyHyatoro noxpoga. / — L. sax. defilippii, 2— L. sax. terentjevi, 3—14—L. sax. armeniaca, 
15, 16— L. sax. dahli 
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Ha paHHHX CTaqMAX pa3BuTMA ypoOlMBble g9MOpHoHEI IV rpynnet ObIBaOoT 
3HAUNTeIbHO MeHbIIe (L = 12—20 mm). 

Uactora o6pa30BaHisl pa3JIMYHbIX THIOB ypocTB Lana B Tad. 1. He paccmat- 
PHBaA CIeWMMaIbHO OCOOCHHOCTeEM AHATOMUYECKOFO CTPOCHHA BCeX YPONOB, MBI 
OCTaHOBUMCA 3)eCb JIMIIb Ha HEKOTOPHIX U3 HHX. HanOonee XapakTepHbIMH LIA 
TIPeCMbIKAaIOWMXCA ABJIAIOTCA JBOHHbIe YPOUbI, OTHOCHAIMLMECA KO II] rpynne. JI1a 
6O/IbIUMHCTBa MOMYYCHHHIX HAMM TAKUX YPOROB XapakTepHbl ABa Oosee HIM MeHEE 


Ta6anua 1 


: & y onoB iS 
° a = § ucuo0 ypox 58 
Seee ly | u | | ry lscero) &8 
sage Sa) feiss 
Ilaprenoreneruueckne: 
L. sax. armeniaca 206 4 5 3 | — | 22 5,8 
L. sax. dahli 104 4);—]— WH |e 7,6 
L. sax. rostombekowi 98 4);—]— NW) By tl 
O6oenouple: 
L. sax. defilippii 152 |2}—|]—|—} 2 1,3 
L. sax. terentjevi 635 >| La Se 1,5 


Pa3eIbHbIX TYJIOBHULa, CpallleHHble B OOsIacTH rpyfH (puc. |, 6, 9). pu stom 
MHTepeCHO, YTO CCH BeHTPaJIbHOe CpallleHHe MpOHCXOLUHT OObIUHO Ha YPOBHE 
10—16 psya OproulHbIX WHTKOB, TO CO CTOPOHBI CIMHbI OOaCTb COCEAMHEHHA TIpo- 
cTHpaeTca Jaleko Biepex, MOUTH AocTuraa rooBbl. IlocneqHAsd ObiBaeT 3Hayy- 
TeJIbHO yBeH¥eHa H OOPas0BaHa OOBINHO SJIEMCHTAMH OOeCHX CJIMBLIHXCA TOJIOB, 
YTO XOPOIIO 3aMeTHO TIO *ouMAO3y MMNeyca. HaOmogaBuieecah B 9TOM cCuyyae 
CO¥eTAHHE IHTKOB OUCH CBOeEOOpasHoO. Kak BuO Ha puce. |, //, oOmlaa Aa O6e- 
uX Oco6eH TosIOBa, MOKPbITa B PaCWIHPCHHOM 3aTHIJIOUHOM OOaCTH ONHHM M@XK- 
TEMCHHbIM, JBYMA 3aTbIJIOWHbIMH HW TPeMA TEMCHHBIMH LWIATKAMH, H3 KOTOPbIX Cpez- 

HHA ABIAeETCA OOWLHM JIA WpaBol wu JeBOH CTOpOH. 
VMutepecupie aHOMaJIHH OOHapy2KHBaIOTCA H IPH YaCTHYHOM paseJeHHH To- 
sos (puc. 1, 35, 5). CnegqyerT OTMeTHTH, YTO BCe H3BECTHBIe y AWLEPUL Cuy4aH ypoy- 
cTBa (‘~°) OTHOCATCA HMe€HHO K Hoc- 


Ta6Onuna 2 yeqHuemy Tuny. Mcxofza u3 Toro, 4To 
= Kaxk]lylo apy YacTHYHO cpociuiMxca 
K Uncso yvemyl BoKpyr Uncso OeqpeHHbix oco6eH MO2xKHO PpaCCMaTPHBaTb KdaK 
One cepeAHHbI Tesla nop ° 
of CBOecOOpa3HbIX OAHOAHUEBBIX OJIH3HE- 
oe | y-ipe- : paeae e I0B, HHTepeCHO ObIJIO BbISCHHTb, Ha- 
35 Boro wleBoro Boro wiIeBoro CKOJIBKO OHH Ppa3JIMUalOTCA MO CBOe- 
My enotuny. IIpuBogumpie B Tabu. 2 
4 44 39 19/17 17/16 pe3syJIbTaTbl CDPpaBHeCHHAH HECKOTOPBHIX 
2 38 36 16/17 17/18 BaXKHbIX B CHCTEMATHYCCKOM OTHOILEe- 
a me i ie HHH MOpdovlorMyecKHX TIpH3HaKOB 
5 10 12 15) 17 16) 7 MOKa3bIBaloT, YTO MOJIHOFO CXOACTBA 


(PeHOTHIIOB y JBOHHEIX YpOOB He Ha- 
OstofjaeTca, H 06a OHM MOXOXKU [pyr Ha Apyra He Oosee, vem OOLIYHHIE MapTenore- 
HeTHYeCKHe cecTpb. B STOH CBA3H CeLyeT OTMETHTb, TO MOJHOFO CXOACTBAa HE 
HaOsOaeTCH TakxKe HW y NOJYYeHHbIX HAMH HOPMAJIbHBIX pa3CbHbIX OM3HELOB. 
Oco6pili unTepec MpegcTaBsaioT ypogpt II] rpynnpi, nockosbkKy Mofobuple aHo- 
MaJIMH Y MIpeCMbIKalOllMXCA OMMCHIBaIOTCA BepBEIe. Kak BugqHO Ha puc. |, 13. 
14, HaOstOaemoe y HUX OTCYTCTBHE A3bIKa HM HMMKHEM YeIIOCTH COMpoBoxaercs 
cBoeOOpa3HbIMH H3MCHCHHAMH O/IHAO3a, MpHYeM OCOGeHHO MHTepeCHO NOABIE: 
HHe Ha Pope KpyNHOro (MHOrAa pasyeeHHOrO) HEMapHOrO WIHMTKAa, HAaMOMHHAatO: 
ujero CBoeH BeMYHHOK uw POPMOM TpeaHa/bHbIH WIMTOK, pacnomoxKeHHBI Be 
peau KsoakasbHou metH. [pu stom nNpoucxo_UT Take yacTH4HOe Tepemenle 
Hue Ha FOpsio OOOMX YUWIHbIX OTBepcTHH. 
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Kak BuO H3 TAO. 1, O6pas0Banne ypoxoB y NapTreHoreneTuyecKHX H O60e- 
nowptx dopm Lacerta saxicola nporeKaeT HepaBHOMEPHO, H y MepBEIX ypoycTBa 
OOpasyloTca SHAYHTeJIbHO Yale, Yem y BTOpbIx. Kpome Toro, aHOMaJIMH, pa3BH- 
BalollMecaA y OOOENOMbIX (OPM, OTHOCATCA TOKO K | rpyrile u BbIparkeHbI CpaB- 
HHTCJIbHO cJ1a60. 

Ha OCHOBaHHH STHX JaHHbIX MOXKHO TOBOPHTb O CYULeCTBOBaHHH y ALEPH 
ONpefeeHHOK CBA3SH MEXKAy UPHBOAALLMMHU K OG6pa3s0BaHH!O YpOsCTB HapylweHHA- 
MH SMOpHorene3sa M MapTeHOreHeTHYeCKUM CHOCO6OM pa3MHOxKeHHA. Takoe 3a- 
KIOYeHHe TeM Ooee BEPOATHO, YTO MOMOGHAA 3aBHCHMOCTb paHee ye Opiia 
yCTaHOBeHa Ha JpyPHX XKMBOTHBIX, B YaCTHOCTH y TyTOBOrO WemKOoNpaya (7%) 
W CaXaJIMHCKOH Cembyu (°°). MexaHu3m O6pa30BaHuA YPOACTB y MpecMbIKaroulux- 
Ci HeaceH. Touka spenus XamOyprepa (1°), uro ypofbl BOSHUKAaIOT B pesysJIbTaTe 
MCX aHHYeECKOFO NOBPEXIeHHA WH CKATHA PaSBMBAIOULMXCA AHL, CCIM UM CHpa- 
BeJJIMBa B OTHOWeCHHM OOOENOJIEIX (OPM, TO HHKOMM 06pa30M He OOBACHAET Ua- 
cToTy OOpa3s0BaHHA ypOcTB pH MapTenorenese. 

Heoguokparuple MOBTOPeHHA HEKOTOPBIX CMeuNpHyeCKUX YpONCTB, Halpu- 
Mep, PaCCMOTPeHHOH BbIIMe MOHOM arHaTHM, YKa3bIBaeT Ha TO, YTO MCXAHH3M HX 
OOpaso0BaHHA MOXKET JelCTBOBaTb MO yCTaHOBMBIeHcA CTaHapTHOH cxeme. 


SoomormueckHit MHCTHTYT Tlocrynuso 
Axajemun HaykK ApmMCCP 11 I 1960 
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Jloxaagn AkawemMuu Hayk CCCP 
1960. Tom 132, Ne 1 


QKCIEPHMEHT AJIbBHAA MOP@OJIOTH A 


d. E. XECHH uw K. C. BUIAHHAKOB 


U3MEHEHHE OBbDEMA SAJEP KJIETOK OJHOCJIOMHbIX KYJIbTYP 
TKAHH NOUKK OBE3bSAHbI TPH 3APA)KEHHH BHPYCOM B 


(IIpedemaeneno axademuxom H. [H. Anuaxoeoim 11 I 1960) 


B Teyenve noceqHuX JeT paoM uccemoBaTeeh (1°) OOHapy2KeHa 3aBHCH- 
MOCTb OObeMa AMep KJIeTOK OT cTeleHH (PYHKUMOHAIbHOH aKTHBHOCTH OpraHa: 
IPH YCHeHHH CIeMMPUYeCKOM WeATebHOCTH OplaHa AApa €FO KeTOK HECKOJIb- 
KO YBeJIHUHBaIOTCA, a Ip yrnerenuu yHKUMH, HalpOTHB, YMeHbIMaloTCa. OTH 
3aKOHOMEPHOCTH ObiIM O6OOmeHE! Benuxnrxoddom (*), BbINBAHYBIUMM MpecTaB- 
lene O PYHKUMOHAIbHOM HaOyXaHHu HW CMOPULMBaHHH AEP KJIeTOK 3a CueT BOC- 
IIPHATHA WIM OTLAaY MMM BObI IPH yCHIeHHH HH OCMAaOeHHH MeATeJIbHOCTH 
KJICTOUHBIX 3JIEMeHTOB OpranHa. Ilo OTHOWICHHIO K TKAHEBbIM KYJIbTYpaM KOHILeN- 
una Bennuurxodxpa Opiia pasButa Byxepom (°,”), koToppii NoKa3au, 4To IpH 
HHTCHCH@UKAMHH POCTa TKaHeBbIX KYJIbTYP, BbIPallHBaeMbIX MO MeTOAy Kap- 
pein, Apa HW ApPbILWIKH KJeTOK HECKOJIbKO YBeJIMYHBaIOTCA B OObEMe, a IPH 
MOAaBICHHH pOCTa, HalpOTHB, YMeHbIUJalwoTcs. 

B pe3ysbTaTe 9THX paOoT CTaJIO CKJIa{bIBaTbCA MHeHHe, YTO yBeMYeHHe 
ajep Bcerga COOTBeETCTByeT YCHJICHHIO (YHKIUMOHAIbHOM @KTHBHOCTH KJI€TOK 
H uTO TO CpeqHemy OObeMy Aep KsIeETOK OpraHa MOXHO BO BCX HI 10g- 
TH BO BCe€X CyyaAX CYAUTb O cTemeHH ero PYHKUMOHAIbHOM akTuBHOcTH (74,8). 
Mexyy TeM, IpH H3yYeHHH WHTOMATOreHHOrO JeHCTBHA BUpyCa BaKIHHbI Ha 
Pa3JIMUHbIe TKAHEBbIC KYJIbTYPbI B HalleH JadopaTOpHu HabsIOLaNOCb yBemHue- 
Hue OObeMa AEP KJIETOK, CBASAHHOE HE C HHTEHCHUKaMeH pocta, a HAO6OpoT — 
C KOHEYHOH rHOebIO 3apaxKeHHbIX KeTOK (°,1°); MBI NPeAVIOKUH Ha3SBaTb STOT 
(PeHOMeH «C3HHTerpaTHBHbIM HaOyxXaHHeM» Aep KeTOK. 

TlocKoulbKy BUpyC BaKIMHbI, KaK H3BeCTHO, BbISbIBAeT OOP a3s0BaHHe CHenHpu- 
YeCKHX BKJIOUCHHH JIMUIb B WHTOMNIAa3Me ("1,!*), IpeqCcTaBJAOCb HHTEPeCHbIM CpaB- 
HHTb MIOJIYYCHHbIC PaHee KAPHOMETPHYECKHE JaHHbIe C KAPHOMETPHYeCKUM aHa- 
JIM30M WHTOMATOreHHOrO JeHcTBUA BuUpyca B, KOTOPbIM BbI3bIBAaeT OOpas0BaHHe 
XapPaKTePHbIX BKJIOUCHHH B Apax KuleToK (*°,14). Stor Bupyc Opi OOHapyxeH 
B 1933 r., Kora H3 MO3ra Bpaya, MOrMOwero OT BOCXOAANLeErO MU2IHTa Mocze 
ykyca OO€3bAHbI, Obl BbIAeeH BHPyC, KOTOPbIi MepBOHAYaJIbHO paccMaTpUuBaIH 
KaK Pa3HOBHAHOCTb Bupyca repneca (*°). B 1934 r. Co6un u Palit (1°) qokasanu 
OMOJIOPHYECKYy10 CaMOCTOATEIbHOCTh 9TOTO BUpyca HM Ha3BaIM ero BUpycom B. 

B kayecTBe OObeKTa HCCJIEIOBaHHA MbI BOCMOMb30BaIHCb OHOCOMHBIMH 
KyJIbTypaMH TKaHH NouKH OOesbanbI Macacus rhesus, Tak Kak JelicTBue Bupy- 
ca B na 3Ty TKaHb H3y4eHO LOCTaTOUHO Ho_pobuo (14,17,18), KuerKu Bropoli re- 
HepauuH KYJIbTHBUpOBauCbh B O,5% pacTBope rHus~pOuM3aTa JaKTasbOyMuHa Ha 
pacTBope X9HKCa C WOOaBeHHem 2% TesAubel CEIBOpOTKH. Ilo 8 ma cycieH3nH, 
comepxkapmeH 100 Thc. KneTOK B 1 Ma” cpe—b, HaMBaIMCb B UalIKH Ilerpu, 
Ha HO KOTOPBIX OblJIM MOMeLCHbI NOKpOBHbIe cTeKsIa. Uepes 48 yac, KyJbTUBH- 
POBaHHA, KOra CTeKMa ObIJIM MOKPbITHI CIVJIOWIHBIM C1OeM MposmdbepupyoulUx 
KJI€TOK, Cpey 3amMeHasIM Ha 60 MHH. Cpeqolw Toro %Ke cocTaBa Cc AO6aBIeHHeM 
5 -10°TIUIT;) Bupyca B. Tlocae akcnosunun cpely ¢ BAPyCOM CIMBaJIM HW YaIIKH 
TPpWKAbI MIpOMbIBaH cpeqol Ne 199 (**), He conepxaBueH Bupyca. JLanbuelimee 
KY JIBTHBMPOBaHHe 3ap a%KCHHBIX KJIETOK MPOBOLMJIOCb B Cpege Ne 199. [lapamnenb- 
HO C 3apaxXKeHHbIMH KYJIbTYPaMM B CTPOrO HACHTHYHBIX YCOBHAX KYJIbTHBUPO- 
BaJIMCb KOHTPOJIbHbIC KYJIbTYPbI; B KOHTPOJIBHBIX WaLIKAX Tak #Ke MCHAJIN Cpexy, 
MPOUSBOMMJIM IPOMbIBaHHe H T. II., KaK HB 3apaKeHHBIX, HO BUPyc B cpesy Ne 199 
He R0OaBanca. Tepes cpoxu 6; 18; 24 uy 48 vac. nocue Havaua OnbITa cTeKa O7- 
HOBPC€MECHHO H3BJICKaJIMCb U3 3apaXKeHHbIX H KOHTPOJIbHbIX YaIeK, OMOMaCKH- 
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Puc. 1. Xapaxtepuple 4A WHTOMaTOreHHOrO JelicTBUA BUpyca B Muoroszep- 
HbIe SJIEMCHTbI. XPOMATHH pa3pylWeH, AAPbILIKH BO MHOFHX Apax OTcyTcTBy- 
1oT. 24 yaca Nocie 3apaxkeHHA. OKpacka reMaTOKCHJIHHOM H 203HHOM. 800 x 


LAW, Tr. 132, Noi, Xecuwt u BanwHukos 


BaJIMCb (U3MOJOFHYECKHM COJIEBLIM PaCTBOPOM, (PHKCHPOBAJIHCb B aOCOJIOTHOM 
MeTaHOJIe WM OKpallIMBaJIHCb TeMaTOKCHJIMHOM H 3903HHOM. B H3BIe4YeHHOH H3 3a- 
PaXKEHHBIX UallleK IIHTATeIbHOH Cpegqe MeTOAOM THTPOBaHHA Ha MpoOupKax 
C KYJIbBTypOW TKaHH MOUKH OOe3bA- 6 
HbI ONpeyeiaAoch CosepxaHHe BuU- Me 
pyca. 

KouTypbl AQep KeTOK CMOMOMIbIO = 5 

PHCOBaJIbHOrO allllapaTa 3apHCOBBI- 
BaJIMCb TIpH yBeHyeHHH 2130 pas, u 
MOWLaQu[HX W3MEPAJIUCb TlaHuMer- 
pom. B kaxkjOmM Mpenapate 6pn10 H3- 
MepeHo He MeHee 100 - amep; mocKoub- 
KY BBICOTA AEP B MVIOCKHX OJHOCJON- 
HbIX KYyJIbTypax MPpHMepHO OAMHAaKO- 
Ba, TOWalw sAep MpHHuMasHcb 
COOTBETCTBYIOULMMH HX OObeMamM. 3a- 
TEM BbICUHTHIBANACh NOW Alb ALep B 
KBaJip ATHBIX MHKPOHAX, H NO Me€TOH- 
Ke Tuutuue (7°) morapudmel movry- 
YCHHbIX BeCJIHYHH pasOHBaJIHCb Ha 
Kulaccpl C MHTepBasiom 0,05 log V pe. Puc. 2. BapwauMouuble KpuBble noulazeli ayep- 
TlomyueHHpie §=JaHHBIe = OTKabIBa-  xnetoK KYJIbTYPbI TKAHH MOYKH OGeSbAHBI yepes. 
JIMCb Ha rpadbWKaX B BUfle BapMallHoH- 6 4ac. (a) u 18 yac. (6) nocue sapaxenna Bupy- 
HbIX KPMBbIX H OOpaOaTbiBanch C Ho- °™ B (/) 4 coorsetcTBytouleli KOHTpombHOit 
MOLIbIO OOBIYHBIX MpHeMOB BapHallu- RYAbTY pat (2) 
OHHOM CTaTHCTHKH. KapMomeTpHyeckoe H3y4eHHe OAHOCJIOHHBIX KYJIbTYp TKaHH 
MOYKH OCJOMKHACTCA TEM, YTO 39eCb OOLINHO NPHCYTCTBYIOT KJETKH pasmudHOL 
dOpMbI HM pa3mepa (7-23), B 3aBHCHMOCTH OT KOJINYECTBEHHbIX COOTHOLMEHHH MExK- 
ly KPYNHbIMH WH MCJIKHMH KJI€TKAMH, CpeqHHH OObeM Aep MW XapaKTep BapHa- 
HHOHHbIX KPHBbIX OT OMbITa K OMbITyY MOyT BapbupOBaTb, BCENCTBHE Vero IPH 
KapHOMeTPHYeCKHX HCCIEMOBAHHAX MPHXOAHTCA OOpalllaTb ocobce BHUMaHHe 
Ha OMHOPOAHOCTh HCXOAHOrO MaTepHadla HM Ha CTPOryiO CTaHAapTHOCTb ycw0- 
BHU KYJIbTHBUPOBaHHA KJICTOK B OMbITe H B KOHTPOUe. 

Ilpu MpYMeHeHHOH HaMH 203e BUPyCa MOPMOOrHyecKH YJIOBHMbIe H3MCHCHHA 
KJIeETOK OTMeyaIOTCA yxKe uepe3 18 Yac. MoCe 3apaxKeHHA, NpHyeM MoparkKaroTcan 
BCe THIIbI KJIETOK, H€3aBHCHMO OT HX BHELHerO BUa M pasmMepa. KwieTKH HECKOJIb- 
KO HaOyXaloT, IHTOMNa3Ma HX CTAHOBHTCA MYTHOH u Oomee Oa3z0cuJIbHOH, 4eM 
B KOHTpOyie. XPOMATHH B Ape CKalJIMBaeTCA B BHLe KPYMHBIX rvibIOOK HelIpa- 
BHJIbHOH POPMbI M OTTeCHAeTCA K NepHdepuu, Moy OOonOUKy sagpa. Llentpanbuaa 
YaCTb Apa NOCTEMCHHO 3aNOJIHAeCTCA SEPHHCTOM OKCHUJIbHOM MaCCOH; AApbILLI- 
KH CMElLaloTCa MW MOCTeMeHHO NOABeprariorTcs JIM3HCY. OTOT Mpowecc BO MHOFOM CXO- 
eH C TaK Ha3bIBaeMbIM K<OKCHUJIbHBIM HaOyXaHHemM» Aep, OMMCAHHBIM pH 3a- 
DaxKeCHHH KNeTOK BUpycom Lrepmeca yenoBpeKka; Huxovay (**) canTaer ero cueq- 
CTBHEM OOHJIbHOrO pa3MHOXKeHHA BUpPyca B KapHonasme. HaOyxume sgpa B 
laIbHeMIUeM MosBepraroTcs dparMeuTalun, HW B pesy/bTaTe POPMUPyloTcA Xa- 
DAKTEPHbIe [JIA WHTOMATOPeHHOrO WelicTBud BUpyca B KpyMHble MHOFOALepHbIe 
JIEMeHTHI (puc. 1). Apa B HUX JleKaT MIOTHO COMKHYTHIMH rpyllaMi; XpOMaTHH 
A 3AUaCTYIO AJPbIIKM OTCYTCTBYIOT; BCe IpocTpaHcTBo Nog o6oouKoN norHo- 
WeFO Apa 3aMOHeEHO MeJIKOZEPHUCTOM OKCH(HJIbHOM MaCCOH, KOTOpad MeCTaMH ~ 
Op asye;r Sovlee NVIOTHbIC CKONJCHHA, TAK HA3bIBaeMbIe OKCHPUJIDHBIC BHYTPHAED - 
HbIe BKWOUeHHA. Uncslo TAKHUX MHOTOARePHbIX SJIEMCHTOB C TCYCHHEM BPeMeHH 
HapacTaeT, u K 48 uac. MocTe 3apax%KeHHA OMHOANEPHBIX KJICTOK B KYJIbTYPe HE 
ocTaetca. KueTkn JJerenepupytior, OTMaaioT OT CTeKJIa M MOABeprarorca MM3HCy. 

Kapwomerpuyeckue HccleqOBaHHA MOKasaM, YTO ye yepes 6 Yac. MocTe 
3apaxkenua Bupycom B B KyJIbTypaxX MMeeT MeCTO yBeMUeHHe TOMann Aep 
4a 20—29%. Kak u B YHOMAHYTHIX BbILNe OMbITAX C 3apax%KeHHeEM KJICTOK BH- 
YyCOM Baku! (2,1°), MepBOHAaYaIbHOe yBeIMYeHHe AEP COXpaHAeTCA, He Hapa- 
Tad, JO Jerenepauuu u ruOemm KysbTypp (Taba. 1). 
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Ta6auna 1 


M Whee ncte 

aay Tutp aa iu t my. 
Bapax. Bupyca ; a 

B Wac. B 10810 B log V p? B 2 B log V vw? BU. 

6 0,0 2 2179-40 ,01420 465,2 | 2,3300--0,01442 | 213 850) 8 Oclecons 

18 4,2 2,1370-40 01744 137,14 2, 2490-0 ,01645 177,4 |" 4.7 1 29,0 
24 3,0 2 1675-40 ,01662 447,1 2, 2480-0 ,01778 177,05 93,320. 
48 4,6 2,1390+0,01146 | 137,7 Jlerenepauua KsleToK 2 ses 


J\ia ymo6cTBa cpaBHeHusa B TAO. 1, TMOMHMO BbIpa?KeHHBIX B orapudMax 
BeJIMUMH Cpeluero aputbMeTHueCKOrO MoMLayel AQep uM ero KBapaTHYeCKOH OWHO- 
Ku (M--m), 1puBeyeHbl TaKKe BbIpaXKCHHbIE B KBa[paTHbIX MHKPOHAX BeJIMUMHBI 
cpeluero reomeTpuueckoro roulaneH agep. Bo Bcex HaOsmoqeHuAx 


ee Nees = 2 
V me “13 frie, ee 

P<0,01, Tak 4TO MMerHOLIMe MECTO CBHI ABJIAIOTCA CTATHCTHYeCKH JOCTOBEp- 
HbIMH. M3MeHeHHA CpeAHUX TviowaqeH Aep COMPOBOAKalWTCA COOTBETCTBYIO- 
IMM CBHraMH BapWalMOHHbIX KpHBbIX (puc. 2). UTo KacaeTca sep MHO- 
TOANEPHbIX 3JIEMCHTOB, TO OHH OKa3bIBalOTCA OOyIee MeJIKHMH, EM Apa OMHO- 
ACPHbIX KeTOK. M3mepeune 9THX ARep yepes 48 uac. Mocme 3apamkenua, KOA 
B KYJIbTYpax yKe He OCTaeTCA OHOAJEPHbIX KIeTOK, MOKa3aIO, YTO CpeqHee 
apudmeTuyeckoe Jorapudmow noulazed agep pasHo 1,9810-+-0,01290, uTo 
COOTBeTCTByeT CpeqHemy eomeTpuyeckomMy voulaqeH sagep 95,7 p?. 

OTHOCHTEJIbHO TOPO, TO JICKUT BOCHOBE C3HHTerp aTHBHOrO HaOyxXaHHA AZep, 
MbI BbICKa3aJIM B Ipesbiqyuet padore (°) 1Ba NpesnovoxKeHuA: HOO yKpyMHeHHe 
slep pH 3apaxKeHHH KJI€TOK BAPyCaMH ABJIAeTCA MPAMbIM CIEACTBHEM BHEApe- 
HHA BUpyCa BHYTPb Aep UM pa3MHOXKeHHA eFO B KapHoNvia3sme, HOO Ke ADpa yBe- 
JIMUHBaIOTCA B pe3YyJIbTATe H3MCHECHHA CPHSHKO-XHMHYeCKHX CBOHCTB AepHbIxX 
KOJIJIOHOB B OTBET Ha KOHTAMHHAILHI0 KJIeETOK BUpycom. To, 4To yBeM4eHHe Aep 
OTMeYaeTCA BCKOPe MOCIe 3apaxKeHHA KJIETOK BHPYCOM UH B J\aJIbHeEMLIeM He Ha- 
pacTaeT, B TO BpeMA Kak ComepxKaHHe BUpyca B Cpese Cc TeYeEHHeEM BPCMCHH 
yBemMunBaetca (Tad. 1), a TakxKe TO, YTO peakKUHA YKPyYNHeHHA Aep (We3HH- 
TerpaTHBHOe HaOyxaHHe) HaOsmOMaeTCA MPH 3apaxKeHHH BUPyCaMU, BbI3bIBAalO- 
IWMMH Pa3BHTHe CMelMpuyeCKHX BKJIOUCHHH Kak B UWMTONIa3smMe (BHpyc BaK- 
UHHbI), TaK HB Ape (BUpyc B), Wevaer, c Hale TOUKH 3peHHA, Ooee BEPOATHBIM 
BTOPOe TIpeANoOxKeHHe. 
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